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The primary purpose of this study was to develop a firm and sector 
non-aggregative agricultural model and test its reliability to evaluate 
short and intermediate run adjustments to exogenous and/or endogenous 
change. Model reliability was evaluated by assimilating economic and 
physical information generated by the model based on 1960 input-output 
data, agronomic and machinery technology, and national agricultural 
policy constraints within the context of the theory of production and 
comparing the outcome with historical evidence available from the 
Census of Agriculture for 1959, 1964, and 1969. Results generated by 
the model for short run firm and intermediate run sector adjustments 
are clearly in line with historical census evidence. The model was 
able to predict that farm size would increase and multi-product firms 
producing cotton and soybeans would be the basic cropping pattern 
throughout the area. Further, the model was able to show size dis­
economies within and between various farm sizes.
The model was also tested for a recent period to see if it could 
predict recent adjustments in firm and sector cropping patterns known 
to have occurred. Input-output data for 1972, agronomic and machinery 
technology, and national agricultural policy constraints were incor­
porated into the model. The analysis indicated a shift in cropping 
patterns toward a monoculture cotton cropping system would occur.
xii
Continued expansion in farm size should be expected, with size and 
acreage levels similar to those associated with the 1960 analysis.
Again, model predictions for 1972-74 were compatible with available 
statistical evidence that indicated farmers in the study area were 
rapidly expanding cotton acreage and reducing soybean acreage.
The last phase of the study used the model to evaluate the impact 
of 1974 input-output data, agronomic and machinery technology, and 
national agricultural policy on future firm and sector structure.
This analysis indicated major shifts in cropping patterns within the 
agricultural sector would occur. Farms with predominately clay soils 
would shift to monoculture soybeans. Predominately sandy soil farms 
would produce a combination of cotton, soybeans, and small grains.
These results were supported by 1975 planting intention reports pre­
pared by the U. S. Department of Agriculture while this study was in 
progress.
It can be concluded from this study that non-aggregative economic 
models can provide reliable estimates of agricultural firm and sector 
adjustments to exogenous and/or endogenous change. Short run results 
may be used by area farmers as guides in selecting optimum enterprise 
combinations, while long run results provide insight to administrators 
and policy formulators of the potential firm and sector adjustments 
that may occur over time.
Ultimately, the usefulness of any economic model depends on infor­
mation reliability and speed in information generation and assimila­
tion. This study indicates non-aggregative models can provide reliable
xiii
estimates of likely firm and sector adjustments to changes occurring 
in other parts of the economy. Further, the speed in generating 
sector adjustments estimates by using models such as the one developed 
in this study facilitates the appraisal of a variety of options in a 




Major adjustments in the agricultural industry of the Mississippi 
River Delta Area* have occurred in the last 20 years. The sizes of 
farms within the area have increased, whether measured in acres 
managed, acres owned, units of physical output, income, or dollar 
sales. Total farm numbers have declined and major shifts have 
occurred in the distribution of farms by size, with many small and 
medium size units moving into the larger size units.
Within the agricultural sector change comes from two basic 
sources: exogenous forces, such as commodity and factor prices and
public policy; and endogenous forces such as new production tech­
nology. The individual farmer has no control over the former.
However, he may use or not use the latter. Changes in structural 
characteristics, including farm size and cropping patterns in the 
Delta, have influenced adjustments to change made by farmers and have 
been affected in turn by these changes.
Both exogenous and endogenous change have played and continue 
to play a significant role in the farmers' decision making processes.
^For the remainder of this report the Mississippi River Delta 
will simply be referred to as the "Delta".
1
2
However, it is the decision criterion employed that ultimately reflects 
their rational response to changes as they constantly evaluate adjust­
ments in farm size and organization in terms of enterprises, resources 
used, and production and management practices employed.
Decision criterion vary widely among individual farmers and a
2criterion may contain more than one goal. To the extent that farmers’ 
goals include profit maximization, the economic impact of change will 
be a force governing their response to new situations. In this context 
research on the impact of change at the firm level, if properly spec­
ified, provides a basis to quantify the response of farmers to various 
stimuli and relate those responses to adjustments made to national 
policies and other changes affecting farm size and efficiency.
STATEMENT OF THE PROBLEM
Considerable research has been conducted to develop optimum short 
run enterprise combinations for representative farm situations in the 
Delta. The results of these short run studies are available as guides
W. L. Harman, R. E. Hatch, V. R. Eidman, and P. L. Claypool, 
An Evaluation of Factors Affecting the Hierachy of Multiple Goals, 
(Stillwater: Oklahoma Agricultural Experiment Station), Technical
Bulletin T. 134, June 1972.
3
to assist individual farmers in arriving at a rational production
3system for a variety of specific conditions.
A basic assumption associated with these studies is that adjust­
ment opportunities are constrained to those production factors and 
processes that can be modified prior to the planting of the next 
"crop". In addition, adjustments are further constrained to those 
that will not require a major restructuring of the farm organization. 
This assumption limits the usefulness of these studies in answering 
intermediate and/or long run adjustment questions pertaining to the 
Delta's commercial agricultural sector.
Sector adjustments to a specific change, such as modification in 
national agricultural policy and programs dealing with price support 
and acreage control, occur over a considerable period of time. An 
evaluation of the magnitude, direction, and impact of intermediate and 
long run adjustments to exogenous and endogenous sources of change 
within the agricultural sector of the Delta would help provide answers 
to the following questions-. What size and type of farm achieves the
T. E. Tramel and Fred T. Cooke, Jr., An Evaluation of 
Alternatives Under the Cotton Program for 1967, (State College; 
Mississippi State University Agricultural Experiment Station),
A. Eco. M. R. No. 52, February 1967; and Bill Bolton, A. M. Heagler, 
and Clyde St. Clergy, Choices Under the 1967 Cotton Programs,
(Baton Rouge; Cooperative Extension Service), Miscellaneous 
Publication, January 1967.
4greatest efficiency? How are production efficiency and net income 
affected by changes in farm type and size? Do the size ranges and 
types of farm that are increasing in number reflect those sizes and 
types that are most efficient or profitable?
Firm and sector adjustments to either exogenous or endogenous 
change reflect decisions based on a multitude of tangible and intan­
gible factors. However, the use of profit maximization as a decision 
criterion has proven to be a reliable and effective proxy for evaluating 
short run firm and sector adjustments. Technical limitations of avail­
able automatic data processing software limited the use of profit 
maximization as a decision criterion in intermediate and long run 
adjustment studies. However, new software packages have alleviated 
this problem and it is now feasible and practical to use the same 
decision criterion proxy in short and long run adjustment studies.
This study was designed to develop and test an analytical model 
that will provide a basis for the appraisal of intermediate and/or long 
run adjustments in farm size and production efficiency resulting from 
either exogenous or endogenous change.
Specific objectives of the study are:
(1) To test the analytical model (using historical 
factor and product prices, production practices,
4 Historically Delta farms have been multi-product firms pro­
ducing cotton, soybeans, a variety of feed grains, and other 
products. The production combinations employed were manifestations 
of old institutional and national agricultural policy constraints, 
and may no longer reflect efficient production combinations.
and institutional constraints) by comparing 
model results with actual long run shifts in 
farm size and organization.
If number one appears successful, to identify 
intermediate and/or long run adjustment 
patterns in production efficiency and the type 
and size of Delta farms resulting from the 
adoption and implementation of current agricul­
tural policy and programs and the adoption of 
new technology. Institutional constraints 
currently in effect, advanced production 
practices and projected factor and product 
prices will be incorporated into the analytical 
model. The results obtained will also be used 
to:
(a) Identify those types and sizes of 
farms that realize most of the 
potential economies of size.
(b) Provide a comparison among various 
types and sizes of farms with 
respect to the production costs
of each and the impact of size on 
production efficiency.
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METHOD OF STUDY 
Collection and Assembly of Data
There is little difference in the data requirements of this study 
and those associated with area supply response studies. Thus, adjust­
ment studies previously done for the Delta furnish a large portion of 
the data needed. These data were supplemented with the latest 
research information from the Louisiana and Mississippi Agricultural 
Experiment Stations and the U. S. Department of Agriculture. Data 
needs were subdivided into six basic categories to facilitate collec­
tion and assembly. These categories (A through F) and their subsets 
are presented below:
A. PHYSICAL RESOURCES
(1) Farm Sizes: Information obtained from the Census of Agricul­
ture was used as a basis for establishing the range in farm sizes to
be studied. The following broad groups of farms were excluded from 
the analysis: (a) very small farms that are rapidly disappearing, and
(b) very large farms that require more than a single manager.
(2) Land Use; Land utilization was developed around grovernment 
programs for the controlled crops grown in the areas. Allocation of 
crops to a specific soil was limited to rice and some vegetable crops.
(3) Soil Classifications: Only two soil classifications were
used in this study: (a) sandy soils, and (b) clay soils.
7
The sandy soil classification.contains all of those soils 
classified as sand and loams by Tramel and others."* The clay soil 
classification is identical with that also described by Tramel and 
others.
B. ENTERPRISE DATA
(1) Enterprise Inputs and Outputs: Advanced technology enter­
prise budget information developed in conjunction with Regional Project
S-42 and published by the Delta Subcommittee provided the data used in
6the model testing phase of the study. Current advanced technology 
budgets were based on data collected by research personnel of the 
Delta States and the U. S. Department of Agriculture.^ Additional
^T. E. Tramel, Walter E. Keenman, and Harvey B. Vanderford, 
Normal Yields and Production Practices by Soil Mapping Units in the 
Delta Area of Mississippi, (State College: Mississippi Agricultural
Experiment Station), Bulletin No. 629, October 1961.
^Bill Bolton and other members of the Delta States Subcommittee 
(of Regional Project S-42), Budgets for Major Farm Enterprises in the 
Mississippi River Delta of Arkansas, Louisiana, and Mississippi,
(Baton Rouge: Louisiana Agricultural Experiment Station), D.A.E.
Circular No. 281, June 1961.
^Unpublished budgetary data collected by Willard F. Woolf and 
Bill Bolton under Louisiana Research Project No. 1026. Published 
budget data from Arthur M. Heagler, Bill Bolton, and Peter G. Hogg, • 
Costs of Beef Gains with High-Energy C o m  Silage - Mississippi River 
Delta Cotton Region, 1964-1965, (Baton Rouge: Louisiana Agricultural
Experiment Station), D.A.E. Research Report No. 365, June 1967; and 
J. B. Penn, Bill Bolton, and Willard F. Woolf, The Farm Land Market in 
the Mississippi River Delta Cotton Region, 1964-1965, (Baton Rouge: 
Louisiana Agricultural Experiment Station), D.A.E. Research Report No. 
372, April 1968; and Fred T. Cooke, Jr., J. M. Anderson, and 
A. M. Heagler, Crop Budgets and Planning Data for Major Farm Enter­
prises in the Yazoo-Mississippi Delta, (State College; Mississippi 
Agricultural Experiment Station), Bulletin No. 794, July 1972.
8
research information was incorporated into these budgets in an effort 
to develop crop enterprise budgets that reflect a reasonable level of
g
advanced technology.
(2) Enterprise Labor Requirements: Estimates for the model test
phase were obtained from the Regional S-42 adjustments study.^ Current 
estimates were obtained from published and unpublished research studies 
conducted in the Delta.^ Labor demands for new crops are based on 
judgments of research personnel working on these crops. ̂
C. POWER AND EQUIPMENT DATA
Power and Equipment Performance Rates and Related Data; A major
12 13 14portion of these data were obtained from published state reports
^Preliminary results from a state-federal cooperative research 
project, Reducing Costs of Producing Cotton in the Mississippi Delta, 
SUB101, currently being conducted (1968-1974) at the Delta Branch of 
the Mississippi Agricultural Experiment Station, Stoneville, Missis­
sippi, and personal interviews with Dr. George Campbell, Research 
Horticulturist, stationed at the Delta Branch of the Mississippi Agri­
cultural Experiment Station, Stoneville, Mississippi.
^Delta States Subcommittee, o£. cit.
10Ibid.
n Ibid.
13Bill Bolton, J. B. Penn, Alan W. Reichardt, and Arthur M. 
Heagler, Farm Machinery and Equipment on Cotton Farms - Mississippi 
River Delta Cotton Area, 1964, (Baton Rouge: Louisiana Agricultural
Experiment Station), D.A.E. Research Report No. 399, June 1969.
l^Fred x. Cooke, Jr., J. M. Anderson, and A. M. Heagler, 
op. cit.
9
and unpublished materials compiled by the Delta States Farm Adjustments
Research Group.^ Additional performance data for several mechanical
vegetable harvesters were obtained from research published by agricul-
1 6tural experiment stations in Louisiana and neighboring states. These 
data were supplemented with information obtained from personal inter­
views with Delta farmers.
D. FACTOR-PRODUCT PRICES
Input-output Prices: The basic factor and product price projec­
tions used in this study were obtained from research conducted by state
The Delta States Farm Adjustments Research Group is a 
regional State-USDA cooperative research team whose objective is to 
develop a multipurpose economic model that will permit research 
personnel to appraise the effects of "change" on individual farms as 
well as furnish a reasonable basis for developing area supply response 
information for the agricultural sector of the Delta.
^Thomas Foster and Jerry Law, Vegetable Crops as Enterprise 
Alternatives for the Macon Ridge and Upper Mississippi River Delta 
Areas of Louisiana - Some Economic Guidelines, (Baton Rouge:
Louisiana Agricultural Experiment Station), D.A.E. Research Report 
No. 404, January 1970; and T. A. Burch, J. T. Garrett, C. E. Hood,
J. W. Hubbard, T. D. Nolen, W. L. Ogle, J. F. Pittman, G. R. von 
Tungel, and R. A. Baumgardner, Costs of Producing Vegetables for 
Processing in South Carolina. (Clemson: Clemson University Agricul­
tural Experiment Station, AE No. 305, October 1967, p. 42; and field 
notes from Alan W. Richardt, Area Management Specialist, Department 
of Agricultural Economics, Texas A&M University, stationed at Weslaco, 
Texas.
10
17 18 19and USDA. personnel. In each case price projections for factors
and products were assumed to represent the level of prices that could
be expected to prevail over some period of years under assumptions of
relatively high employment, continued population and economic growth,
and a stable general price level. In the second phase of the study
price projections for some products were modified to reflect changes in
20government price support acreage control programs. The basic thrust
in both phases was to effectively reflect those relationships and
forces farmers expected to prevail in the future as these influence
21planning of firm production.
^Delta States Subcommittee, oj>. cit.
18Lonnie L. Fielder, Jr. and Sam L. Guy, Prices and Price 
Indexes for Louisiana Farm Products, 1968-1973, (Baton Rouge; 
Louisiana Agricultural Experiment Station), D.A.E. Research Report 
No. 457, October 1973.
1 QAgricultural Prices, (Washington, D. C.: U. S. Government
Printing Office), U. S. Department of Agriculture, Statistical 
Reporting Service, Crop Reporting Board, published monthly; and 
U. S. Department of Agriculture Interdepartmental Staff Committee 
of Water Resources Council.
20r . j .  Hildreth, Farm Size and Output Research, (Stillwater: 
Oklahoma Agricultural Experiment Station), Southern Cooperative 
Series Bulletin No. 56, June 1958, pp. 16-27.
21Sune Carlson, A Study on the Price Theory of Production, 
(New York: Augustus M. Kelley), 1969, p. 4-9.
11
E. WEATHER DATA
Cllmatological Coefficients: Weekly available work time or days
fit for fieldwork were used in the study. These coefficients were 
developed from historical rainfall and temperature measures from 
readily available weather information using a computational technique 
developed by Economic Research Service Personnel at Louisiana State 
University.^
F. POLICY CONCEPTS
Policy Alternatives: Policy and program alternatives for cotton,
rice, soybeans, and feed grain were formulated by examining those 
alternatives previously and presently employed or considered and from 
interviews and contacts with persons knowledgeable about such policy.^
22Bill Bolton, J. B. Penn, Fred T. Cooke, Jr., and Arthur M. 
Heagler, Days Suitable for Fieldwork - Mississippi River Delta Cotton 
Area, (Baton Rouge: Louisiana Agricultural Experiment Station),
D.A.E. Research Report No. 384, November 1968.
^The Schnittker study on payment limitations, H. R. 3259; 
National Advisory Commission on Food and Fiber, Cotton and Other 
Fiber Problems and Policies in the United States, Technical Paper 
II; United States Congress, House Committee on Agriculture, statement 
of the Honorable Clifford M. Hardin, Secretary of Agriculture, 
Congressional Records, September 24, 1969; G. E. Brandow, Direct 
Payments as Instruments of Farm Policy, Agricultural Policy Institute, 
North Carolina State University, (Raleigh: North Carolina, Fall 1967);
and conversations with Mr. B. F. Smith, Executive Vice-president of the 
Delta Council, (Stoneville, Mississippi); and Harold F. Breimyer, The 
New Farm Program, Economic and Marketing Information for Missouri 
Agriculture, Vol. XVI, No. 11, November 1973.
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ANALYTICAL PROCEDURE
Several approaches have been employed in "economies of size" 
studies. These variations reflect the wide diversity of purposes 
for, and situations in which studies were conducted. The analyt­
ical procedure used dictates the kinds of inferences that can be 
properly drawn.
Five research techniques might have been used in the analysis.
These are: (1) the survivorship technique,^ (2) direct analysis from
farm records, (3) composite farm budgets from actual farm records,
(4) standardized or adjusted data from actual firms, and (5) economic
25engineering or synthetic firm approach.
The economic engineering or synthetic firm approach is used in
26this study. This procedure lends itself well to the analysis of 
single as well as multi-product firms. It provides a precise and
This analytical procedure was developed by Thomas R. Saving, 
"Estimating the Optimum Size of Plant by the Survivor Technique," 
Quarterly Journal of Economics. 75(4), 1961, pp. 569-607; and 
George J. Stigler, "The Economies of Scale," Journal of Law and 
Economics, 1(1), 1958, pp. 54-71.
25A brief synopsis of each technique is presented by 
J. P. Madden, Economies of Size in Farming, Theory, Analytical 
Procedures and a Review of Selected Studies, (Washington, D. C.:
U. S. Department of Agriculture, Ag. Eco. Report 20-107, February 
1967.
26This method is widely used. See, for example, R. G. 
Bressler, "Research Determination of Economies of Scale," Journal 
of Farm Economics, XXVII, III, August 1945.
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accurate comparison of the potential efficiency attainable by each
type and size of farm. In addition, the approach permits the use of
"discrete" or "integer" linear programming and use of an electronic
digital computer to simplify the computational requirements.^
The entire range in farm size is not included in this analysis.
Within the size range studied, (100 to 2,000 acres) hypothetical farms
of specific types and sizes were constructed using the best available
information. Farm size is represented by a given level of a specific
28fixed resource: in this study the number of power units.
Linear programming is used in this study to determine profit 
maximizing enterprise combinations under various policy or program 
situations. A constrained profit maximization model is used to 
generate a solution for the smallest farm included in the analysis.
A post optimal parametric procedure is then used to create a series 
of related farm problems and solutions by replacing the matrix right 
hand side with the original matrix right hand side plus a multiple
27See E. 0. Heady and Wilfred Candler, Linear Programming 
Methods, (Ames: Iowa State College Press), 1958; W. J. Baumol,
Economic Theory and Operations Analysis, (New York: Prentice Hall,
1962); and Clark Edwards, "Using Discrete Programming," Agricul­
tural Economic Research, (Washington, D. C.: U. S. Government
Printing Office), Economic Research Service, U. S. Department of 
Agriculture, April 1963.
^®Other measures have been used. Theoretically the selection 
of any given resource as fixed in the short run does not influence 
the shape of the long run average cost curve. The farm tractor was 
selected as the fixed resource due to its close relationship with 
other lumpy production inputs. In addition, it permits rapid 
acquisition of solutions in the computational process.
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of the variable or.variables to be altered. The desired coefficient 
is gradually increased and the solution is kept optimal and feasible 
for the current coefficient value by changing the basis when such 
change is necessary. Solutions are obtained when desired and the 
process continues until the upper limit of the parameter is reached 
or the parameter value reaches a point beyond which it can be in­
creased indefinitely without requiring a basis change to maintain
29optimality and feasibility. The function of this procedure is to 
develop a whole series of solutions as land is added, up to some 
maximum acreage. These data provide the information required to 
compute the short run average cost and cost-income ratio curves for 
specific firms. Then an envelope curve, defined as a intermediate or 
long run average cost or planning curve, is plotted as the tangency of 
the short run average cost or cost-income ratio curves.
Short run economies are attained through increasing utilization 
of a given fixed resource to its full capacity. Determining long run 
economies involves comparing the efficiency of various farm sizes for 
each type and between types of farms.
Short and long run firm cost analysis generally use cost per unit 
of output to measure production efficiency. Short and long run average
29A detailed explanation of this procedure is presented by 
Billy G. Freeman and Curtis F. Land, A User1s Guide to Linear 
Programming and the IBM-MPS-360 Computer Routine. (College Station: 
Texas Agricultural Experiment Station), Department Technical Report 
70-2, Department of Agricultural Economics and Rural Sociology,
June 1970.
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cost curves typically measure cost per unit of output of a single pro­
duct; such as cost per bale or per pound of cotton. The theoretical 
framework used in this study departs from the traditional single product 
firm analysis in that this analysis concerned firms with the potential 
of producing either single or multiple products with variable product 
combinations. The usual cost per unit of output could be used for 
single product firms. But this measure cannot be used for that purpose 
in this study where it was necessary to measure economies of size for 
multiple product firms. For this reason output is measured by gross 
income and average total cost is represented by the cost-income ratio 
(specified cost divided by gross income). The use of gross income as 
a quantitative measure of output is extremely important as it provides 
a common denominator for output among a diverse group of production 
alternatives. The cost-income ratio as used in this study is compara­
ble to the traditional cost per unit of physical output used to measure 
economic efficiency in the short run. A short run cost-income ratio 
curve exhibits the same basic characteristics as the per unit average 
cost curve. However, it provides a meaningful and comparable measure 
of economic efficiency between and among single and multiple product 
firms with various soil and equipment situations. The similarity to 
the more commonly used per unit average cost curves associated with 
single product firms will be apparent in the graphic portion of the 
analysis.
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Farther, the cost-income ratio indicates the proportion specified
30cost is of gross income. In this analysis the cost of all produc-
31tion factors other than land and operator income have been included.
The term "economies of size" as used in this study refers to 
possible reductions in average total cost (cost-income ratio) as the 
firm's output (gross income) increases.
GI = gross income 
TC = all costs 
C = allocated costs 
LR = returns to land
M = returns to operator income
P = percent GI that is C_ _
Q = percent GI that is /LR + M/
C = TC - / l r + M/
(1) TC = GI: because GI = return to all factors and land an
management. It is assumed that the returns to land and management is 
the appropriate charge for these items in a perfectly competitive 
situation.
(2) GI - /LR + W = P (3) TC - /LR + M/ = P
GI GI
(4) GI = P + /LR + m7  (5) 1 = C + /LR + M/"
GI GI GI GI
(6) 1 = P + Q (7) Q = 1 - P
31Operator income includes operator labor, management, and 
entrepreneurship income.
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LOCATION OF STUDY AREA
The study area Includes all of the parishes and counties fully 
contained within the portion of the flood plain of the Lower
32Mississippi Alluvial Valley, defined as the Tensas and Yazoo basins. 
More specifically it includes Tensas, Madison, Concordia, and 
East Carroll Parishes in Louisiana and Sharkey, Issaquena, Washington, 
Bolivar, Coahoma, Tunica, Quitman, Leflore, Humphrey, Tallahatchie, 
and Sunflower Counties in Mississippi, (figure 1).
These 16 parishes and counties constitute for the most part the 
flood plain of the Lower Mississippi Alluvial Valley in Louisiana and 
Mississippi.
Robert W. Harrison, "Research in Land Development," Journal 
of Farm Economics, XXXIV, I, February 1952, pp. 1-13.
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RESOURCES AND AGRICULTURAL 
CHARACTERISTICS OF THE AREA
General
The alluvial plain of the Mississippi River, figure 2, stretches
from Cape Girardeau, Missouri to the Gulf of Mexico.* This is
2generally called the "lower river" and is divided into the flood 
plain, the deltaic plain, and the loessial terraces or dissected allu­
vial plains. The entire area is about 650 miles long varying from 25 
miles in width between Natchez, Mississippi and Sicily Island,
Louisiana and a width of 125 miles in the latitude of Helena, Arkansas, 
the average width being about 70 miles. The elevation varies from 
about 320 feet above sea level in Missouri to sea level at the Gulf
3of Mexico.
The flood plain contains about 22,000 square miles and extends 
from Cape Girardeau to Angola, Louisiana. The deltaic plain extends
^-Perrin H. Grisson, "Soil," Yearbook of Agriculture, 
(Washington, D. C.: U. S. Government Printing Office, 1957),
U. S. Department of Agriculture, pp. 524-525.
2Robert W. Harrison, Alluvial Empire, (Arkansas: Pioneer
Press), 1961, p. 5.
OJPerrin H. Grisson, op. cit., p. 524.
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from Angola to the Gulf and contains about 13,000 square miles. The 
terrace or dissected alluvial areas are generally scattered along the
Eastern and Western portions of the alluvial plain and contain 15,000
4square miles. The study area is shaded in figure 2 to indicate its 
relative position within the alluvial plain. The Yazoo Basin, commonly 
called the Yazoo-Mississippi Delta, lies south of Desoto and north of 
Warren Counties Mississippi, and is flanked on the west by the 
Mississippi River and the loess deposits of the hills on the east.
The Tensas Basin extends from the deltaic plain northward to Eudora, 
Arkansas, and is bound on the east by the Mississippi River and the 
Macon Ridge on the west.
Topography and Soils
The topographical features of the study area were fashioned by
5the movement of soil by rain and river flood water. The area relief 
reflects the continued effects of flood and the meander of the Missis­
sippi River and its tributaries. During overflows, coarse material is 
carried by flood water and deposited first; it settles near the bank 
of a flooding stream. Finer materials are carried farther inland and
^Robert W. Harrison, "Alluvial Empire," 0£. cit., p. 21.
^Harold N. Fisk, Geological Investigation of the Alluvial 
Valley of the Lower Mississippi River, Mississippi River Commission, 
1944, p. 5.
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6deposited in the broad flat basins. The deposit of coarser soil 
particles near the streams led to the development of alluvial ridges. 
These deposits are larger on the inner side of the streams' bends and 
form "natural" levees or banks on both sides of the stream. These 
banks rise five to 15 feet above the adjacent basins.
Soil types lying along the old stream channels generally are fine 
sandy loams or loams. The broad flat basins are mostly clay soils
7with the area between a mixture of silt loams and silty clay loams.
Soils
Soils in the study area belong to one major soil series group 
which includes the sediments recently deposited by the Mississippi 
River and its tributaries. These soils are generally described as
Q  Q"recent alluviums". The dominant soil series representative of this
^Richard Joel Russell, "Louisiana Stream Patterns," American 
Association of Petroleum Geologists Bulletin, XXVI, VIII, August 1939,
pp. 1206-1211.
^Perrin H. Grissom, oj>. cit., p. 524.
Q
S. A. Lytle and M. B. Sturgis, General Soil Areas and 
Associated Soil Series Groups of Louisiana, (Baton Rouge; Louisiana 
Agricultural Experiment Station), May 1962.
9S. A. Lytle, The Morphological Characteristics and Relief 
Relationships on Representative Soils in Louisiana. (Baton Rouge: 
Louisiana Agricultural Experiment Station), November 1968.
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area are Bosket, Commerce, Dubbs, Dundee, Tunica, Mhoon, Sharkey, and
*,i, 1°Alligator.
These soils are usually found in a distinct pattern with the 
Bosket, Commerce, Dubbs, and Dundee soils occupying the natural levee 
ridges along the old meanders. The mixed and clay soils (Tunica,
Mhoon, Sharkey, and Alligator) are found on the level areas between 
the "levees" and the low lying poorly drained areas. The Sharkey and 
Alligator clays are generally found in the low areas or inner basins.
These soils vary widely in natural fertility and have considerable 
range in acidity and salinity. However, there is little difference in 
their production potential when the proper technology is incorporated 
into the production sequence for the basic crops now grown in the
In general, only the coarse sandy loam or silt loam soils are
13considered suitable for the production of vegetable crops. These
T. E. Tramel, "Normal Yields and Production Practices by Soil 
Mapping Units in the Delta Area of Mississippi," oj>. cit., p. 4, and 
eratta sheet.
^Otis E. Randall, An Appraisal of the Soil-Practice-Yleld 
Relationships in the Mississippi River Delta Cotton Area of Louisiana, 
(Baton Rouge: Louisiana Agricultural Experiment Station, 1962),
unpublished Master of Science Thesis.
12Unpublished data on file in the Department of Agricultural 
Economics and Agribusiness, Louisiana State University, Baton Rouge, 
Louisiana.
^ A. D. Seale, G. R. Ammerman, G. M. Campbell, J. A. Campbell,
H. L. Hamnett, E. L. Moore, C. C. Singletary, S. L. Windham,
J. V. Pettiet, and J. T. Garrett, Potentials for Growing and Processing 
Vegetables in Mississippi, (State College-. Mississippi Agricultural 
Experiment Station), A. Ec. M. R. No. 53, March 1968, p. 14.
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are the soils that make up the natural levees along a stream's meander. 
Rice production has been restricted to the heavy clay soils found in 
the interior basins. These soils have physical characteristics con­
ducive to rice culture. These characteristics include a slope of less 
than one percent on slowly permeable clays and clay loams with moderate 
to poor internal drainage.^
Climatic Conditions
The climatic conditions in the study area are characterized by 
hot summers and moderate winters. The mean annual temperature for the 
area is relatively stable, ranging from 66.2 degrees Fahrenheit at its 
northern end to 67.1 degrees Fahrenheit in the southern end, (table 1). 
Monthly mean temperatures range from a low of 45.4 degrees Fahrenheit 
in January in the northern part to a high of 84.2 degrees Fahrenheit in 
July in the southern part of the study area.
Total annual rainfall ranges from an average of 50 inches in the 
northern part to 56 inches in the southern part of the study area, 
table 1.
Precipitation levels are more than adequate for the successful 
culture of most animal, food, and fiber crops. However, distribution
Warren T. Grant and Troy Mullins, Effects of Allotment and 
Price Changes on Rice Farms in the Mississippi River Delta, 
(Fayetteville: Arkansas Agricultural Experiment Station), Report
Series 156, January 1967, p. 7.
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Table 1. Mean temperature and precipitation, selected locations, 
Mississippi River Delta Cotton Areas of Louisiana and 
Mississippi, 1931-1967
_______ Temperature________   Precipitation______
Month Clarksdale, Vidalia, Clarksdale, Vidalia,
______________ Mississippi_____ Louisiana Mississippi_____Louisiana
January 45.4 50.6 5.51 5.48
February 48.7 52.4 5.31 5.06
March 56.3 58.4 5.45 6.40
April 66.7 68.1 4.91 5.12
May 75.5 75.4 4.35 5.91
June 83.1 82.0 3.65 4.24
July 85.5 84.2 3.95 4.35
August 84.7 83.9 2.45 4.05
September 78.5 79.0 2.87 3.06
October 67.9 69.1 2.32 2.33
November 55.3 58.4 4.80 4.45
December 47.1 52.2 5.28 5.93
Annual 66.2 67.1 50.85 56.38
Source: U. S. Department of Commerce, Weather Bureau, Climates of the
States, Louisiana and Mississippi, (Washington, D. C.:
U. S. Government Printing Office, December 1967.
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through the year results in periodic summer droughts that are gener­
ally local in nature.
The growing season is long, with an annual mean of 286 frost free 
days, table 2. The first fall frost ranges from 29 November to 16 
December. The last spring frost ranges from 1 February to 26 February. 
The mean number of frost free days ranges from 291 in the northern part 
to 318 in the southern part of the study area.
In summary, the climatic environment is conducive to the produc­
tion of a wide variety of food and fiber crops, as indicated by the 
moderate temperatures, adequate rainfall, and length of growing season.
AGRICULTURAL AND FARM CHARACTERISTICS 
General
The study area has captured the imagination of agriculturalists 
as have few other areas in the United States.^ Physical scientists 
have been intrigued with the potential productivity inherent in its 
fertile soils. Economists and sociologists have tried to inform 
residents and non-residents alike of the agricultural potential of the 
abundance - yet to be fully exploited.
The mechanization of production and rapid advancement and adoption 
of technology have been instrumental in the rapid changes in the agri­
cultural economy. All of the major crops are almost totally
^Robert W. Harrison, "Alluvial Empire," o£. cit., p. 13.
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Table 2. Mean date of occurrence of freeze and mean number of 
frost free days, selected locations, Mississippi River 
Delta Cotton Areas of Louisiana and Mississippi, 1931-67
Stations
Mean date of 
last spring 
occurrence







Tallulah 02-17 11-24 280
St. Joseph 02-12 12-1 292
Winnsboro 02-11 12-2 295
Mississippi
Tunica 02-25 11-28 276
Clarksdale 02-20 12-8 291
Stoneville 02-20 12-3 286
Greenwood 02-18 11-24 279
Belzoni 02-19 12-2 286
Source; U. S. Department of Commerce, Weather Bureau, Climates of the
States, Louisiana and Mississippi, (Washington, D. C.:
U. S. Government Printing Office, December 1959, and Annual 
Summaries, 1956-67).
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mechanized.Supplemental crops that fit well into mechanized opera­
tions such as corn and small grain are found in many farm organizations. 
The interaction of mechanization and technology adoption, in conjunction 
with the areas favorable topographical features, have favored large 
scale operations. However, this has not "fixed" the basic agricultural 
economy of the area like those often found in the economies of more 
fully developed areas.^ The development and acceptance of a mechanized 
livestock feeding system and experiments with the mechanized production 
of vegetables illustrate the continued change in agriculture in the 
area.
The present agricultural economy of the area presents some 
striking contrasts. It is one of the oldest commercial agricultural 
areas in North America yet it still contains large areas of undeveloped 
and underdeveloped land. It depends on the Federal Government for 
control of floods and for support of its major cash crop prices. Yet 
it retains a strong and independent character. It is a land of oppor­
tunity where farm numbers and population are consistenly declining 
although land in farms is increasing.
Land in Farms: About three-fourths of the land area in the study
area was in farms in 1969 compared to 65 percent in 1950 and 1959, 
table 3. This represented an increase of more than 500,000 acres in 
farms. Since 1964 approximately 341,624 acres of cropland have been
l^Major crops are cotton, soybeans, and rice.
^Robert W. Harrison, "Alluvial Empire," o£. cit., p. 15.
Table 3. Approximate land area, proportion in farms, and average size of farms, selected parishes 











1950 1959 1964 1969 1950 1959 1964 1969
Louisiana
East Carroll 275,840 68.8 64.9 66.4 75.7 93.3 235.8 332.2 474.1
Madison 423,680 56.1 48.8 56.9 57.3 142.4 281.5 463.8 547.5
Tensas 398,720 67.1 61.5 54.8 58.6 156.8 326.9 442.2 512.0
Concordia 453,760 37.6 45.9 61.7 51.8 130.4 293.6 509.6 537.1
Mississippi
Tunica 293,120 74.5 71.3 71.6 84.1 49.0 119.0 246.1 813.1
Coahoma 364,800 81.0 88.7 86.5 87.3 88.3 171.5 273.6 602.6
Quitman 263,680 86.9 88.9 86.2 88.5 50.9 114.2 158.7 397.8
Bolivar 586,880 77.5 79.8 81.8 83.3 52.0 180.6 289.6 459.5
Sunflower 443,520 100.1 78.8 79.1 99.0 49.9 142.7 285.9 551.8
Leflore 376,320 91.4 88.8 86.6 88.6 56.2 195.2 359.2 743.2
Humphreys 262,400 81.5 82.5 81.5 88.7 65.2 200.1 308.4 413.7
Sharkey 279,040 49.9 51.7 59.5 71.1 74.4 271.6 436.6 809.4
Washington 465,920 81.3 51.5 82.6 80.8 66.7 251.7 484.2 581.1
Issaquena 265,600 41.7 24.6 47.0 37.3 137.2 362.1 640.0 568.1
Tallahatchie 412,160 84.9 53.1 79.6 86.3 65.6 155.8 220.8 426.7
Area total 5,565,440 65.5 65.5 74.6 76.3 82.6 224.2 363.4 527.5
Source: U. S. Bureau of the Census, Census of Agriculture 1950, 1964, and 1969, Louisiana and
Mississippi, (Washington, D. C.: U. S. Government Printing Office).
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18added to farms through land clearing. However, the portion of land 
area in farms remained almost unchanged from 1964 to 1969, as a major 
portion of the added cropland was obtained by clearing timbered land 
on farms.
Farm Size: Average farm size has increased steadily throughout
the area, table 3. Between 1950 and 1964 average farm size increased 
from 82.6 acres to 363.4 acres, an increase of over three-fold. By 
1969 average farm size had increased to 527.5 acres, or more than six 
times the average size in 1950.
Number of Farms: The number of farms by size for the parishes
and counties within the study area is shown in table 4. These data 
partially illustrate the intensity of the restructuring process within 
the agricultural sector. Farm numbers declined from 22,749 to 13,125 
between 1959 and 1964, and to 8,050 in 1969. The decline in farms with 
less than 50 acres of land accounted for 84 percent of the total decline 
in farm numbers. Expansion of farm numbers occurred only among farms 
with 500 to 999 acres of land from 1959 to 1969. Actually, the number 
of farms from 260 to 999 acres in size held fairly constant.
Changes of the magnitude shown in table 4 make most number com­
parisons meaningless. However, comparisons between proportional 
changes may be used to point out the importance of changes in and 
shifts among sizes of farms. Between 1959 and 1969 the proportion of
^Unpublished data compiled by the Soil Conservation Service 
on file in the Department of Agricultural Economics and Agribusiness, 
Louisiana State University, Baton Rouge, Louisiana.





Delta Counties Studv area
1959 1964 1969 1959 1964 1969 195'9 1964 1969
- Number - - Number Percent Number Percent Number Percent
Under 10 acre? 495 105 33 3,128 1.560 238 3 623 16.0 1,665 12.6 271 3.4
10-49 acres 1.049 611 4 34 9,434 4,594 1,131 10,483 4b. 1 5.205 39.4 1.745 21.7
50-69 acres 268 212 133 886 588 444 1,154 5.1 800 6.0 577 7.2
70-99 acres 290 206 147 1,072 715 555 1,362 6.0 921 7.0 702 8.7
100-139 acres 195 145 128 686 451 424 881 3.9 596 4.5 552 6.9
140-179 acres 134 123 98 441 308 302 575 2.5 431 3.3 400 4.9
180-219 acres - 80 87 65 307 264 207 387 1.7 351 2.7 272 3.4
220-259 acres 49 60 60 529 201 189 578 2.5 261 2.0 249 3.1
260-499 acres 158 192 254 832 702 726 990 4.3 894 6.8 980 12.2
500-999 acres 146 167 207 850 796 813 996 4.4 963 7.3 1,020 12.7
1,000 plus acres 279 205 231 1,441 923 1,050 1,720 7.5 1,128 8.5 1,282 15.9
Total 22,749 13,215 8,050
1 / Data are for Concordia, East Carroll,, Madison, and Tensas Parishes; and Tunica, Coahoma, Quitman, Bolivar, Sunflower, Leflore , Humphreys,
Washington, Sharkey, Issaquena, and Tallahatchie Counties.
Source: United States Bureau of the Census, Census of Agriculture 1959, 1964, and 1969, Louisiana and Mississippi. (Washington, D. C.:
U. S. Government Printing Office).
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all farms with less than 50 acres of land declined from 62.1 to 25.1 
percent. During this same period farms containing 260 or more acres 
in size became a larger proportion of all farms, increasing from 16.2 
to 41.8 percent. Farms containing 100 to 259 acres also became a 
larger portion of total farms, increasing from 10.6 to 18.3 percent.
The number of farms by tenure of farm operator, table 5 shows 
that the effect of rapid and continued land consolidation has materi­
ally affected tenure patterns as well as reducing the number of 
operators.
Review of the census definitions associated with each tenure group 
provides additional insight into the restructuring of the agricultural 
sector. Prior to 1964 census reports carried "croppers" as farm 
operators. However, these farms were, in fact, under the direct super­
vision and control of a landlord and the designated census operators
19 20furnished no production input other than labor. Census data
indicate that tenants became the dominant tenure group between 1959 and 
1964. However, between 1964 and 1969 owners became the dominant tenure 
group while tenancy declined in importance, table 5. It is difficult 
to evaluate the change in full owner position since the "cropper" 
system has been replaced with a "day work" system. This modification
^Prior to 1964 a census farm was classified by tenure as a unit 
operated by an owner, part owner, renter, manager, or cropper.
Croppers were deleted from the census farm tenure definition in 1964.
^®Fred H. Wiegmann, "Farm Income - A Confused Picture," Journal 
of Farm Economics, XXXIX, II, May 1957, pp. 490-501.





Tipi fa Cmmf 1 PS 1/ Studv area
1959 1964 1969 1959 1964 1969 iy3y 1964 1969
■ - - Numbi Percent Number Percent Number percent
Full owners 1,345 985 809 4,530 2,955 2,727 5,875 27.0 3,940 29.75 3,536 43.93
Part owners 
and managers 637 634 622 2,407 2,217 2,153 3,044 14.0 2,851 21.53 2,775 34.47
Tenants 401 438 359 2,545 5,416 1,380 2,946 13.3 5,854 44.20 1,739 21.60
Croppers 655 56 0 9,357 544 0 10,012 45.7 600 4.53 0 0
1/ Data are for Concordia, East Carroll,, Madison, and Tensas Parishes; and Tunica, Coahoma, Quitman, Bolivar, Sunflower, Leflore, Humphreys,
Washington, Sharkey, Issaquena, and Tallahatchie Counties.
Source: United States Bureau of the Census, Census of Agriculture 1959, 1964, and 1969, Louisiana and Mississippi, (Washington, D. C.:




in the farm tenure structure (from cropper to day work) altered the 
census count of tenure groupings. In many cases cropper units were 
small (less than 50 acres) and the rapid decline in farm numbers re­
flects the shift from a cropper to a day work system.
Knowledgeable agriculturalists feel that the continued consolida­
tion of agricultural land into larger units has materially affected 
tenure patterns - with part owners and tenants constituting an ever 
increasing portion of total farm units. Few operators are able to 
obtain sufficient capital to expand their land and machinery resource 
simultaneously. The increased incidence of part owners and tenants 
indicates the alternatives individual operators are employing to acquire 
additional land resource.
Land Use: Cotton, soybeans, small grains, rice, and c o m  occupy
a major portion of the cropland throughout the study area, table 6.
There have been considerable adjustments made in the relative position 
of importance among these crops between 1959 and 1964. The 1969 census 
data indicate this trend has not abated.
Prior to 1954 the study area was considered to be a one crop econ­
omy where cotton occupied more land than all other crops combined.
Since 1949 soybeans have become a major crop and now are grown on more 
acres than all other crops combined. Corn acreage decreased consider­
ably between 1959 and 1969 while rice and cotton acreage declined 
slightly. The interaction of the following factors played a major role 
in this shift in land use: (1) agricultural policy diverted some land
from cotton production and limited expansion in rice production;













1964-691959 1964 1969 1959 1964 1969
Corn 2/ 33,988 14,069 9,141 104,401 20,640 10,686 138,389 34,709 19,827 O'f̂.I 1 4> ro
Soybeans 3 / 80,277 152,689 382,493 766,610 953,199 1.,461,130 846,887 1,105,888 1,843,623 + 30.6 + 66.7
Cotton 74,993 88,880 85,704 743,222 990,292 694,932 818,215 1,079,172 780,096 4/ + 31.9 - 27.7
Rice 4,988 4,698 4,154 43,457 46,092 52,000 48,445 50,790 44,908 00+ - 10.6
Pasture 416,969 179,276 143,269 546,055 188,812 219,573 963,024 368,088 362,842 - 61.8 - 1.4
1/ Data are for Concordia, East Carroll, Madison, and Tensas Parishes; and Tunica, Coahoma, Quitman, Bolivar, Sunflower, Leflore, Humphreys, Washington,
Sharkey, Issaquena, and Tallahatchie Counties.
2 / For all purposes.
31 For beans only.
4/ Acres planted to cotton exceed the areas allotted acres (823,824) due to skip-row planting patterns.





(2) technological improvements in soybean production led to a steady 
rise in yields; (3) a major expansion of cropland was achieved through 
land clearing; and (4) the soybean industry faced a rapidly expanding 
market where increased supplies trailed an increased demand and the 
price of soybeans was steadily rising.
Agriculturalists in the area feel rice could be a major crop and
21economic studies indicate this is true. However, expansion has been 
restricted by government controls that limit planted acreage as well as 
the transfer of acreage allotments among producers.
Hfarren R. Grant and Troy Mullins, Effects of Allotment and 
Price Changes on Rice Farms in the Mississippi River Delta, 
(Fayetteville: Arkansas Agricultural Experiment Station), Report
No. 156, June 1967.
CHAPTER III
THEORETICAL CONCEPTS
Economic theory rarely provides a framework that permits one to 
predict future events with certainty. Variables are usually studied 
in isolation within a specified environmental situation and generaliza­
tions are then made about the influence of the particular variables. 
These generalizations may indicate the direction and to some degree the 
magnitude of change under a given set of conditions. This intelligence 
may make it possible to predict how a variable or group of variables 
will react under similar conditions sometime in the future.
There is and has been considerable confusion and difference of 
opinion as to the methodology of economics. These conflicts reflect 
the diversity of background, training, and philosophical interest of 
the early writers on the subject. All were interested in explaining 
economic phenomena within a practical political economy. This oneness 
of objective created two distinct schools of thought on the methodol­
ogy economics.
John Neville Keynes identified these two methodological approaches 
to economics as (1) a ''positive science" and (2) a "normative or 
regulatory science." He defined the positive approach "as a body of
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systematized knowledge dealing with 'what is'." He emphasized the 
importance and usefulness of the "positive, abstract, and deductive" 
aspects of this method in solving problems within the political 
economy.
Keynes defines a normative science "as a body of systematized
knowledge relating to criteria of what ought to be, and concerned with
othe ideal as distinguished from the actual." This methodological
Oapproach, he said, ".... is ethical, realistic and inductive," contia 
ually searching for the ideal or model structure. The earliest 
proponent of this concept was Sesmondi. His thoughts were molded and 
expanded by Knies, Roscher, and Hildebrand, and were further refined by 
Schmoller. They considered the science of political economy to encom­
pass the classification of those forces that promote economic activity 
and the weighing and comparison of their moral merit. Their position 
is simply and clearly stated by Keynes.
"Man is moved by diverse motives. Further he is 
influenced by the society in which he lives. His
actions and reasoning are not subject to that
4single motive - the desire for wealth."
*John Neville Keynes, The Scope and Method of Political Economy, 
(London: McMillan Co. Ltd., Fourth Edition, 1930), pp. 34-35.
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Here emphasis is placed on the acquisition of specific observa­
tions from the "real" economic world and generalizing therefrom. This 
approach is generally defined as "inductive and statistical", holding 
that an understanding of the present is achieved only through refer­
ence to the past.
Keynes expose on economic methodology is of major importance in 
that his conclusions tended to alleviate the continued separation of 
the discipline into methodological factions. He argued that neither 
method was sufficient in itself to solve the variety of economic 
problems encountered in the real world.
He said, "the method of political economy cannot 
adequately be described by any single phase and 
accordingly no one method will be advocated to 
the entire exclusion of other methods."^
Other writers had taken a similar stand, however, their views 
were never forcefully presented throughout the discipline.^
Keynes work did not eliminate the methodological conflict within 
the discipline. However, his ideas on the complementarity derived from 
the joint employment of these methodological techniques have provided 
a firm basis for the appraisal of complex economic problems.
5Ibid., p. 30.
^See Quarterly Journal of Economics, I, p. 124; Lehrund Hand­
book der Politschen Oekonomie, I, p. 17, works of Adolph Wagner; and 
Gustave Cohns article in Grundlegung der Nationalokonomle, p. 35.
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Grampp and Weiler stratify economic methodology into three in­
teracting subsets: positive, applied and normative. They define
positive economics as "economic behavior in its most general or univer­
sal forms, and positive propositions tell us which kinds of economic 
changes are possible and which kinds are not."
They consider the test of positive economics to be its ability to
8describe what happens or would happen under certain conditions.
Applied economics they say, "relates positive propositions to
particular phenomena and problems. It extends the propositions in
order to make them more specific and thereby reduces their general- 
9ity."
They believe normative economics reinforces the findings of 
applied economics with knowledge drawn from other disciplines (sociol­
ogy, ethics, etc.). Here the relative importance of values are 
injected as well as the techniques or procedures employed to solve 
the problems.^
Thus, within the discipline the term "normative" has been 
universally accepted as subjective in nature in that it implied the
William D. Grampp and Emanuel T. Weiler, "From Economic Theory 
to Economic Policy," Proceedings in Political Economy, (Homewood, 





utilization of value judgments. Recently Krenz, et. al.,** redefined
normative as "What should be" given certain assumptions. This concept
is a radical departure from the "old" definition of normative. The
subjective valuations and/or moral or ethical considerations associated
with the "normative" method were removed. This disassociation from
subjectiveness permitted Krenz, et. al., to utilize normative as a
method of making predictions within a framework of specified assumptions.
Krenz says, "the result obtained is normative in
the sense that it indicates what a farmer would
plan to produce if he intended to maximize profits.
It is not predictive in the sense that it will
12explain what he actually will produce."
It is unreasonable to infer that any methodological approach will 
predict the future without error. Knight indicates that the goal of any 
science is to predict the future for the purpose of making our conduct 
more intelligent.
He says, "intelligence predicts —  through analysis, 
by isolating the different forces or tendencies 
in a situation and studying the character and
the effects of each separately........ We
have no way of discussing force or change except
l*Ronald Krenz, Ross V. Bowman, and Earl 0. Heady, "Normative 
Supply Functions by Linear Programming Procedures," Agricultural 
Economics Research, XIV, I, January 1962, pp. 13-14.
12Ibid.
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to describe its effects or results under given 
13conditions."
The results obtained in the study of the effect of technical and 
economic stimuli are predictive especially when the variables are 
isolated and appraised under a variety of clearly defined conditions. 
Thus, studying the effects that specific variables have on the farm 
firm's enterprise combination within the framework of a defined 
environment (profit maximization - cost minimization) permits one to 
"predict" the effect of these variables as they operate within the 
environment as defined. It is in this context that the "normative" 
results obtained from a linear programming analysis are predictive.
This study is normative in concept. It is based on the assumption 
that: (1) Some modification of the perfect competition model is
justified to facilitate the simulation of actual conditions. First, 
a degree of uncertainty is accepted. This creates a situation where a 
firm's equilibrium position may involve a profit. Here average revenue 
will not tend to be forced down to the minimum point on the long run 
average cost curve and a firm would maximize profits by extending its 
output beyond the minimum point on the long run average cost curve. 
However, the existence of uncertainty tends to deter production below 
the profit-maximizing level. Second, complete freedom of entry does 
not exist. Acreage allotment programs implemented by the Federal
13Frank H. Knight, Risk, Uncertainty, and Profit. (New York: 
Houghton Mufflin Company, 1921), p. 16.
43
Government restrict entry as well as stabilize the price of supported 
commodities. Lastly, it is recognized that some resources, particu­
larly large machines, are nondivisible, i. e., they are available only 
in indiscrete increments. In most cases these resources are under­
utilized, even by a well organized farm firm. (2) Farmers have 
income goals that they seek to obtain by maximizing returns or mini­
mizing costs from an aggregate bundle of productive resources.
In this context it is possible that a variety of feasible cropping 
systems may be employed by an entrepreneur to attain one or several 
income objectives from a limited resource base under alternatively 
assumed conditions with respect to price support and acreage control 
programs.
The results from several resource situations may be used to 
determine if an income goal may be achieved from more than one resource 
base and provides a basis for selecting the most profitable alterna­
tives. In addition, these data indicate how, in the long run, that 
segment of the industry being investigated will adjust to these 
assumed conditions.
THE CONCEPT OF COST
In economic theory the cost of production is reflected by the 
interaction of resource price, physical conditions associated with 
production (production functions) and the economic conduct of an
44
15 16 17entrepreneur. Carlson, Ferguson, Heady, Walters, and
others have Incorporated into their writings on production theory a 
body of cost concepts that constitute the theory of cost. The following 
cost concepts are defined and explained by these writers for use in 
economic analysis. These concepts are: total cost (TC), total vari­
able cost (TVC), total fixed cost (TFC), average total cost (ATC), 
average variable cost (AVC), average fixed cost (AFC), and marginal 
cost (MC) per unit of output.
The successful incorporation of these concepts into the economic 
analysis of a firm or industry is dependent on the time frame or
planning horizon in which each is cast. It is time differentiation
18that separates the short from the long run. However, length of run
is a relative term, dependent on the time element in those production
processes the entrepreneur is considering. Lengthening the planning
horizon does not necessarily imply an extension of time since the long
19run could occur in a single day.
l^Sune Carlson, A  Study on the Pure Theory of Production,
(New York: Augustus M. Kelley, 1939).
«C. E. Ferguson, Microeconomic Theory, (Homewood, Illinois: 
Richard D. Irwin, 1966).
*^Earl 0. Heady, Economics of Agricultural Production and 
Resource Use, (Englewood Cliffs, New Jersey: Prentice Hall, 1952).
1?A. A. Walters, "Production and Costs Functions: An
Econometric Survey," Econometrics, 31 (1-2), 1965, pp. 1-66.
IQ Jacob Viner, "Cost Curves and Supply Curves," AEA Reading in 
Price Theory, edited by George J. Stigler and Kenneth E. Boulding, 
(Homewood: Illinois: Richard D. Irwin, 1952).
19J. P. Madden, op. cit., pp. 5-6.
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Long Run Concepts: In the long run a firm is completely free
from its present policies, possessions and commitments. In this
context all resources are variable and policies as well as positions
may be altered. An entrepreneur may inject his firm into the long run
by simply considering the effects of changing the levels of all of the
20resources presently employed. Within this environment there are no 
fixed costs thus any monetary outlay will vary with the level of 
output.
The long run cost curve should be viewed as a planning curve whose
function ceases once a bundle of resources is fixed through commitment
to a production process. Its economic contribution in a firm cost
analysis lies in the appraisal and comparison of many short run cost
alternatives. The concept is most meaningful in agricultural research
in that it permits economists to evaluate the nature of cost advantage
21for farms, of different sizes.
Short Run Concepts: A  short run cost analysis is based on two
fundamental propositions: (1) total cost may be divided into fixed and
variable costs, and (2) the physical conditions of production in con­
junction with factor price and efficient operation determine production 
costs at each output level.
20J. P. Madden, oj>. cit.
21Earl 0. Heady, "Economics of Agricultural Production and 
Resource Use," op. cit., p. 367.
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In the short run a firm has a minimum of free choice. Here the 
firm is assumed to have one or more resources fixed within a specified 
time frame. These "fixed" resources determine the "size" of the firm 
and generate a cost independent of output level.
In reality no single short run may be exactly specified, since 
there is considerable variation in the time frames a firm may fix for 
various resources. Further, these resources do not necessarily become
novariable in any predetermined order. Once a resource is committed 
to production it becomes fixed within that production time frame. It 
is essentially a free resource and as such will be substituted as far 
as possible for any resource or resources not conmitted to production.
In resource substitution language the prices of committed resources 
are zero. Thus, the short run economic optimum calls for the increasing 
employment of fixed resources as long as output continues to rise.
Theoretical Cost Functions in the Short Run
A total cost curve reflects the Interaction between a firm's pro­
duction function and the prices of factors or resources. The production
function determines the curvature of the total cost curve while factor
23prices effect its level. Thus, it is the production function, 
conditioned by the "law of diminishing returns," that shapes the total
22J. P. Madden, oj>. cit.. p. 5.
^ T h e  latter portion of this statement depends on a competitive 
production environment and this situation exists in agriculture.
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24cost curve. This law states that if a resource(s) is (are) increased
incrementally while other resources are held constant total product
(output) will increase up to a point beyond which the resulting output
25increases become smaller and smaller. Resource use may be increased 
to the point where output will reach a maximum and then decline.
A firm's total cost curve shows the monetary outlay made for all 
resources at various levels of production. Theoretically the total 
cost curve is divided into two segments: an area of decreasing unit
costs and an area of increasing unit costs. Figure 3 illustrates, 
conceptually, the total cost curves faced by a firm. Total cost is a 
composite of total fixed and total variable cost. However, total 
variable cost is the predominate factor affecting the shape of total 
cost. The per unit cost curves used extensively in price and output 
analysis are derived directly from these total cost curves.
Average or per unit cost curves are mathematically derived from 
the total cost curve, just discussed. Average total cost (ATC) may be
24The total variable cost curve is the reverse mirror image of 
the production function when a single resource is varied. However, 
the present state of the discipline offers no useable technique that 
will generate a graphic production function for a multi-product firm 
when more than one resource is varied.
25Richard H. Leftwich, The Price System and Resource Alloca­












26obtained directly from the total cost curve or by summing the aver­
age variable and fixed costs. In general, the average total cost curve 
tends to be similar to the average variable cost curve. The average 
fixed cost declines as output increases. The shape of the average 
total cost curve is also influenced by the inherent flexibility 
associated with the firm's plant structure. The average total cost 
curve begins to rise once the loss in efficiency of the added variable 
resources exceed the increases in the efficiency of the fixed resources. 
This phenomenon normally occurs after the optimum rate of output is
achieved where "optimum" defines most efficient, i. e., where the
27short run average total cost is lowest.
Figure 4, shows the theoretical form normally associated with the 
per unit or average cost curves for a given size of plant. The average 
fixed cost curve (AFC) declines continuously as output rises since 
fixed costs are spread over a larger volume of output. The contour 
of the average total and variable costs curves depends on the quantity 
of average physical product generated per unit of input of the variable 
factor or resource. The average cost curves may be fairly constant 
over a considerable range when plant employment is at less than capac-
26a t c  = TC/Y where Y = total output. 
^Richard H. Leftwich, op. cit.. p. 140.
2®John R. Due and Robert W. Clower, Intermediate Economic 
















Theoretical Cost Functions in the Long Run
The long run cost curve embodies no physical connotation. Rather 
it is a planning horizon where the time frame is "open ended" and de­
pends entirely on the judgment of the entrepreneur. This theoretical 
concept lets a firm manager review a variety of alternative plant 
sizes and production activities. These alternatives are in essence a 
series of short run situations. It is here that firm management differ­
entiates between the reduced costs associated with the more efficient 
use of fixed resources and the reduced costs associated with changing 
"size" or "scale". The term size appears to be more appropriate than 
scale as the former is generally used to describe a situation in which 
the level of inputs has been changed but this change is not necessarily
proportional. Where resources are altered proportionally the term
29 30"scale" is employed.
A  long run cost curve may be constructed for any group of short 
run cost curves. The long run curve is the "envelope" of short run 
curves, i. e., it is a single curve tangent to a group of short run 
curves at a single point on each. Further, when the point of tan- 
gency lies to the left of the short run curve's minimum cost point 
plant size is less than optimum and when the point tangency lies to
29J. P. Madden, o£. cit., pp. 1, 24, and 29.
30Luther Tweeten, Foundations of Farm Policy, (Lincoln, 
Nebraska; University of Nebraska Press, 1970), pp. 178 and 179.
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the right of the minimum cost point, plant size is greater than opti-
31mum (where optimum is defined as minimum average cost). Theoreti­
cally, infinitesimal variation in firm size is possible. However, 
indivisibilities associated with certain factors usually limit the
number of feasible plant sizes and requires changes in large Increments 
32 33or "lumps".
Figure 5 illustrates the theoretical relationship between the short 
run average cost curves and the long run average cost curve. In the 
long run, the entrepreneur may select any plant size, depending on 
his objectives. However, once plant size is fixed he must operate 
along the short run curve of the size of plant selected, even though 
other short run curves (size of plants) might give lower costs.
Ferguson states, "the long run average cost curve and the short 
run average cost curves are alike in that each has been drawn with a 
U-shape. The reasons for this shape, however, are quite different.
The short run curve declines and then rises because average pro­
duct reaches a maximum and then declines. This creates a situation 
where the decline in average fixed cost is ultimately more than
^Earl 0. Heady, "Economics of Agricultural Production and 
Resource Use," op. cit., p. 367. It should be noted that "optimum" 
in terms of profit maximization will usually be to the right of 
minimum cost.
32W. W. Haynes, Managerial Economics Analysis and Cases. 
(Homewood, Illinois: Dorsey Press, 1963), p. 263.
■^Earl o. Heady, "Economics of Agricultural Production and 
Resource Use," op. cit., p. 367.









Figure 5. Long run and short run cost curves according to
traditional economic theory
SRAC6







counter balanced by the Increase In average variable costs. This phe­
nomenon may also be explained within a resource employment framework.
In this context the short run curve declines, reflecting the increas­
ingly efficient employment of both fixed and variable resources, and 
then rises; indicating a decrease in efficient employment of the 
variable resources more than offsets the increase in efficient use of 
the fixed resource. However, this has nothing at all to do with the 
shape of the long run curve. Economies and diseconomies of size or
scale are the factors governing the shape of the theoretical long run 
35cost curve.
Economies or diseconomies may be subdivided into two classes,
36external and internal. External economies (diseconomies) reflect
reductions (increases) in average cost resulting from lower (higher)
acquisition costs of inputs that occur due to changes in the size of
an industry. Internal economies (diseconomies) result from change
occurring within the firm. These include pecuniary economies and
technical economies. Pecuniary economies (diseconomies) reflect price-
quantity discounts (increases) to firms using a large volume of 
37resources. Technical economies are generated by changes in the
36Jacob Viner, 0£. cit.
37Theoretically pecuniary diseconomies are possible. However, 
the actual occurrence of this phenomenon is almost if not totally 
nonexistent. Bob Davis, "Theory and Procedures for Studying Econmies 
of Size on Irrigated Cotton Farms of the Texas High Plains,"
(College Station: Texas A&M University), August 1965, p. 3.
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input combinations employed at successively higher levels of output.
Some are short run in nature. These are generated by a fuller utiliza­
tion of resources; spreading the fixed costs and "lumpy" resources 
over additional units of output. Others are long run in nature, 
reflecting the effect of production specialization, the diversity of 
production alternatives, as well as the increased efficiency associated 
with larger machines that become economically feasible as plant size 
and output increases.
Technical diseconomies also exist. These forces tend to increase 
average total cost as a firm's output level increases. The Increased 
difficulty in coordinating larger units (management) is the basic 
cause of technical diseconomies.
The cost function associated with any firm is contingent on the 
interaction between existing economies and diseconomies. These forces 
are simultaneously at work at every plant size and level of output 
intensity. Small plants have coordination problems. However, these 
problems are usually overshadowed at the outset by gains from special­
ization and more efficient production techniques as plant size is 
expanded. These latter forces tend to be exhausted as plant size 
increases while the complexities of coordination increase. Sooner or 
later (as size and intensity of plant utilization increase) diseconomies 
usually predominate. Economies and diseconomies are in balance at the
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minimum point on the long run average cost curve. Economies predom­
inate to the left of the point and diseconomies to the right.
In this study some of the assumptions associated with perfect 
competition are relaxed. First, it is recognized that perfect knowledge 
does not exist. Within this framework equilibrium conditions will 
involve a profit (a payment for the uncertainty-bearing portion of 
entrepreneurship). Thus, average revenue will not be forced down to 
the minimum point on the long run average cost curve.
This modification of the perfect competition model generates a 
variety of profitable plant alternatives. Here production will con­
tinue as long as the profit level is large enough to overcome the 
opportunity cost or reservation price of the entrepreneur.
Second, entreprenuers are not always profit maximizers. Their 
likes and dislikes, as well as economic and/or social goals materially 
affect their income objectives.̂  In many cases an income goal is 
selected and once this is achieved the entreprenuer's leisure or 
idle time reservation price becomes extremely high. The interaction 
of this and the previous modification of the purely competitive
•̂ ®E. H. Chamberlin, "The Cost Curve to the Individual Producer," 
The Theory of Monopolist Competition, Appendix B, (Cambridge: Harvard
University Press, Seventh Edition, 1956), pp. 235-247.
concise critique of various entrepreneur objectives is 
presented by Percy Leo Strickland, Jr., Minimum Resource Requirements 
and Resource Adjustments for Selected Farm Income Levels, Low Rolling 
Plains of Southeastern Oklahoma, (Stillwater: Oklahoma State
University), unpublished Ph. D. Dissertation, May 1962.
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concept create an environment in which a variety of alternative 
organizations are profitable. Here the entreprenuer may select a 
production pattern based on several diverse yet interacting criteria.
Lastly, it is recognized that farm operators acquire resources 
that are not always divisible. These nondivisible resources materially 
affect the firm's production curve by making it discontinuous and 
ultimately results in discontinuous cost functions.
It is within this framework that alternative relevant price 
support acreage control programs are examined. These policies create 
an artificial product price, reduce price uncertainty associated with 
the supported product, and in most cases limits free entry into pro­
duction of the supported commodity or commodities.
The major variables considered in this study are; size of farm 
and policy alternatives reflecting, product price, acreage constraints, 
and payment levels.
These variables include those forces that lead to short run firm 
adjustments and cause as well the long run restructuring of the agri­
cultural sector. Thus, attention will be directed toward the influence 
of these variables on the short run average costs and production 
alternatives open to farm firms of various types and sizes and how 
these variables affect the long run restructuring of the agricultural 




The material presented in this chapter does not constitute the
entire body of work done in the "economies of size" area. Rather its
objectives are: (1) to present a concise review of the work done in
this field of study, and (2) provide a short synopsis of those works
that reflect the continued improvements in "the state of the art"
within this area of study.
Studies of economies of size have been undertaken by several
state agricultural experiment stations in cooperation with the Farm
Production Economics Division of the United States Department of
Agriculture as well as by private research organizations and financial
Institutions. One of the earliest synthetic firm economies of size
1studies was done by Hopkin. He developed average cost curves for six 
feedlot sizes from actual farm records and from synthetic firm budgets. 
Plant size was fixed by feed floor capacity. Utilization was varied 
by adjusting the number of animals fed annually (one— three groups).
One point on the synthetic firm's short run cost curve was derived from
John A. Hopkin, "Economies of Size in the Cattle Feeding 




each budget. Output was measured in cattle fed annually and costs as 
nonfeed cost per head per day. There was little difference in the 
short run curves obtained from acutal farm records and from the 
synthetic firm budgets.
Plant size was varied from less than 1,200 head to 14,000 head 
capacity. Average nonfeed cost per head per day ranged from 11.77 
cents for the small plant to 7.69 cents for the extremely large lots. 
Average costs declined steadily over the entire group of plant sizes 
studied.
King conducted a cost analysis of feedlots with capacities
2exceeding 3,000 head in the Imperial Valley of California. He 
employed the economic-engineering or synthetic firm approach, in­
corporating only the latest production techniques. The basic objective 
was to generate information that would permit an individual to compare 
the efficiency and profit attainable with various sizes of feedlots. 
Five model feeding operations were developed. Plant size was reflected 
in feed floor capacities which ranged from 3,760 to 22,556 head, and 
costs as nonfeed cost per head per day. Output was measured in cattle 
fed annually. Average nonfeed cost declined from 7.19 to 5.57 cents 
per head per day when feeding facilities were fully utilized, and all 
pens filled during three 120 day feeding periods. King's analysis also 
examined the effects of plant underutilization with pens filled only
^Gordon A. King, Economies of Scale in Large Commercial Feed­
lots. (Davis: California Agricultural Experiment Station), Giannini
Foundation Research Report No. 251, March 1962.
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to 60 percent of capacity and when pens were filled to capacity only 
part of the year. His analysis indicated that the benefits normally 
associated with large operations may be nonexistent if the facility 
is not operated at or near full capacity.
Dean and Carter evaluated the economies of size in cling peach
3
production in California. Synthetic firm budgeting techniques were 
used to appraise how the size-efficiency relationships were affected 
by changes in wage rates and the introduction of certain mechanized 
operations. Output was measured in tons of marketed product and firm 
efficiency by cost per ton. Plant size was reflected by acres of 
trees.
Two yield levels were incorporated into the analysis. Their 
results Indicated nonmechanized firms faced a declining average total 
cost per ton until plant size exceeded 60 acres. Beyond that size 
average total cost was essentially constant. Mechanized firms average 
total costs declined until plant size exceeded 100 acres; and then 
became essentially constant also. All of the plants studied were 
basically one man operations. Yield levels were extremely important. 
Low yields affected profit margins so adversely that liquidating the 
business was a serious alternative regardless of orchard size. On 
the other hand 20 acre operations were profitable with high yields.
3Gerald W. Dean and Harold 0. Carter, Economics of Scale in 
California Cling Peach Production, (Davis: California Agricultural
Experiment Station), Bulletin No. 793, February 1963.
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The potential of combining farming with an off-farm job was 
examined. The authors estimated that a man could work fulltime off 
the farm and handle 20 acres of peaches or work off-farm year around 
at a half-time job and handle 40 acres.
Heady and Krenz calculated cost curves for farms on specific soils
4in north eastern and western Iowa. Synthetic firm budgeting methods 
were used with emphasis given to the selection of optimum machinery 
combinations. This was a multiple product analysis in which cropping 
patterns were evaluated for each size situation. A constant product 
mix was assumed thus the intermixing of activites was predetermined. 
Output was measured in acres, efficiency as a cost-income ratio. Size 
of plant was designated by size of the permanent labor force and equip­
ment complex. The study indicated that the long-run average cost curve 
was relatively flat over a wide acreage range. Average cost varied 
only two cents per dollar of gross sales on farms in northeastern 
areas with between 400 and 800 crop acres. This Indicated that farms 
of many sizes and diverse acreages were profitable and would continue 
to operate in the future.
Michalson's analysis of economics of farm size in the Washington- 
Idaho wheat-pea area was designed to determine the effect of the 1964
4Earl 0. Heady and Ronald D. Krenz, Farm Size and Cost 
Relationships in Relation to Recent Machine Technology. (Ames: Iowa
State University Agricultural Experiment Station), Research Bulletin 
No. 504, May 1962.
"cotton-wheat" program on farm size.** Fixed resources were operator 
labor and machinery complexes. Input-output data reflected an advanced 
level of technology; output was measured in terms of gross income and 
costs as cost per dollar of gross income. The synthetic firm technique 
was employed and a multiple product linear programming model was used 
to synthesize a series of farm sizes. All the economies of size indi­
cated were related to the efficiency level acquired in equipment use. 
His results indicated the farm program did not effect farm output, but 
reduced production costs by shifting cropland to less intensive use. 
Nonparticipation limited farm size at both ends while participation 
increased profits for all sizes of farms in the analysis.
Buxton and Jensen examined the economies of size in Minnesota
dairy farming to determine how the cost per dollar of gross income was
influenced by changes in the price of milk, special crop rotation
6restrictions and increased wages for full time help. Output was 
measured in terms of gross income and costs as cost per dollar of 
gross income. Size of plant was specified by bundles of labor, 
machinery, and milking facilities. The synthetic firm technique was 
employed and a linear programming model determined least cost multiple 
product enterprise combinations for each output level. Their results
^E. L. Michalson, Economics of Farm Size in the Washlngton- 
Idaho Wheat-Pea Area. (Pullman: Washington Agricultural Experiment
Station), Technical Bulletin No. 52, May 1967.
^Boyd M. Buxton and Harold R. Jensen, Economies of Size in 
Minnesota Dairy Farming, (St. Paul: University of Minnesota Agri­
cultural Experiment Station), Bulletin No. 488, 1968.
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Imply that lower unit costs and higher net returns favor loose housing 
and milking parlors. In addition, there are strong economic incentives 
favoring plant sizes of two or more men.
Madden and Davis analyzed the economies of size on irrigated 
cotton farms in the Texas High Plains.^ They used the synthetic firm 
approach and employed a linear programming model to determine the 
least-cost enterprise combination and resource combination for each 
output level. Output was measured in terms of gross income, since 
multiple product firms were involved. A total cost gross income ratio 
measured efficiency and size was specified by the number of full time 
laborers. Enterprise combinations were not specified. Land, irrigation 
wells, regular labor, and power complements were considered nondivisible 
or integer resources. The results indicated a one man farm with ade­
quate capital was as efficient (average cost was .707 per dollar of 
gross income) as any of the larger farms. Further the long run curve 
"tailed up" at the right, indicating larger units were somewhat less 
efficient, (average cost ranged from .709 to .730 per dollar of gross 
income). This phenomenon presented individual farmers desiring higher 
incomes a variety of rational alternatives and indicated that small 
units would not necessarily be displaced due to cost-income problems.
J. P. Madden and Bob Davis, Economies of Size on Irrigated 
Cotton Farms of the Texas High Plains, (College Station: Texas A&M




The purposes of this chapter are to: (1) present an example of
the analytical model employed in this study, (2) define the resource 
situations to be analyzed, (3) specify the assumptions relative to 
labor availability and employment, power and machinery employment, 
land availability and use, and capital availability, and (4) identify 
the enterprise alternatives included in the analysis.
The Mixed Integer Programming Model
The operational model used in this analysis was developed within
1the general framework of the linear programming technique. The 
procedure permits the maximization (or minimization) of a criterion 
function subject to a set of restrictions. Explicit within the system 
is the specification of the resource requirements by enterprises or
Several references are available Including Earl R. Swanson, 
"Programming Optimum Farm Plans," Farm Size and Output Research, 
(Stillwater: Oklahoma Agricultural Experiment Station), Southern
Cooperative Series Bulletin No. 56, June 1968; Robert Dorfman, Paul 
A. Samuelson, and Robert M. Solow, Application of Linear Programming 
and Economic Analysis, (New York: McGraw-Hill Book Company, Inc.),
1958; William J. Baumol, "Economic Theory and Operations Analysis," 
op. cit., pp. 98-135; and A. H. Land and A. G. Doig, "An Automatic 
Method of Solving Discrete Programming Problems," Econometrics, 
XXVIII, III, July 1960, pp. 497-520.
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activity for the alternative processes, the total resources available
or the restrictions and the criterion function to be maximized and/or 
2minimized. A specific plant or farm is represented by a specified 
level of fixed resources. Various degrees of utilization for any 
plant may be reflected by adjusting the quantities of a specified 
resource or resources. At some level of input the characteristic 
"lumpiness" or indivisibility of the variable resources creates a 
situation where their full productive services are not used to capacity. 
Further, at some level the additional utilization of a lumpy variable 
resource makes it feasible and profitable to add more units of the 
fixed resource. These interactions make it possible to identify a 
plant size in a profit maximization linear programming problem and to 
compute least cost combinations for the variable resources employed.
The relationship of linear programming to the theoretical per 
unit cost concepts presented in Chapter III may be illustrated several 
ways. The most direct discussion is presented by Bilas. If the price 
of the variable factor is assumed to be constant, the average variable
Earl 0. Heady and Wilfred Candler, "Linear Programming 
Methods," op. cit., pp. 1-52.
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cost curve is the monetized reciprocal of the average physical pro-
3duct curve.
The analytical linear programming model developed in this study 
contains 1,970 rows and 4,159 columns. It is divided into five basic 
segments: (1) an integer labor and machinery time component, (2) a
variable power and machinery time component for clay and sandy soils, 
(3) a time allocation component, (4) a clay soil-sandy soil time 
equalization component, and (5) a production activities component. The
3Richard A. Bilas presents the following proof in Micro­
economic Theory; A Graphical Analysis. (New York: McGraw-Hill Book
Company, 1967), pp. 146-147.
Prove AVC = Pa . 1 Where a = variable factor(s)
APa AVC ** average variable cost
Pa ■ opportunity value of 
variable factors 
APa = average product of 
variable factors 
A  = output 
TVC = cost of variable factors
used in production process
AVC = TVC 
A
TVC = a. Pa and A = a.A
a
So: AVC = a Pa = Pa and A  = APa
aA a a
a
Therefore: AVC = Pa * Pa . 1
APa APa
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internal structure of the model is unique in that the time allocation 
component permits a single production activity to represent a variety 
of production processes utilizing the same resources but in different
4time frames. This portion of the model was conceived by Bill Bolton.
A one tractor and tool three time frame clay and sandy soil example of 
the model is presented in table 7. Clay and sandy soil crop production 
activities are simulated by the last 12 columns. Each activity requires 
one unit of a specific soil. However, the single operation being per­
formed varies between and among the soil situations. Production 
activities ending with like numbers specify the operation must begin 
and end in a single time frame. Those ending in unlike numbers indicate 
the operation may be done in any one or combination of the time frames 
specified. This structure provides a straight forward method to 
simulate multi as well as over lapping passes of the same tool. Addi­
tional tool operations may be added for each production activity by 
adding the tool to: (1) the machinery time integer component, (2) the
variable machinery time component for clay and sandy soils, (3) the 
time allocation component, and (4) the clay to sandy time equalization 
component if necessary.
Members of the Delta States Farm Adjustments Research Group pro­
vided valuable assistance in the model planning stages and contributed
4Bill Bolton is an Agricultural Economist employed by the 
Commodity Economics Division, Economic Research Service, United States 
Department of Agriculture, stationed at Louisiana State University, 
Baton Rouge, Louisiana.
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much of the data incorporated into the model. The IBM MPS-360 computer 
routine was used to generate optimum solutions. Data from these solu­
tions provided the basis for the analysis of structural change within 
a segment of the agricultural sector based on firm response to tempo­
rary conditions that are expected to persist for more than a single 
production period."*
Production coefficients, factor and product prices, and sequence 
of operations for alternative enterprises used in the two phased 
analysis were modified to reflect an owner-operator situation when
C ynecessary. In every case only coefficients reflecting advanced
g
technology were employed in the analysis.
RESOURCE SITUATIONS
Two basic farm soil resource situations were employed in this 
study. This delineation, based on the allocation of cropland into two
James S. Plaxico, "Supply Concepts and Aggregation of Firm 
Supply Functions - Farm Size and Output Research," (Stillwater: 
Oklahoma State University Agricultural Experiment Station), Southern 
Cooperative Series Bulletin No. 56, June 1956, p. 80.
^Emphasis is not on how an individual obtains control over 
the use of resources. However, some form must be employed for 
accounting purposes. In a long run competitive situation rent 
theoretically approaches ownership costs. Thus, the owner assumption 
is used to simplify the computation process.
^Earl 0. Heady, "Economics of Agricultural Production and 
Resource Use," op. cit., pp. 587-639.
^Advanced technology includes those practices used by the 
more progressive operators in the study area, and new practices 
recommended by agricultural researchers, but not in general use.
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major soli types, (sandy and clay) was necessary to acknowledge dif­
ferences in the time available to perform tillage and non-tillage 
9practices as well as production constraints necessitated by techno­
logical lags that limit the exploitation of the inherent fertility of
10some soils. Previous research indicated that no difference existed 
in the distribution of soils on medium and large farms, hence, the 
percentage distribution of land among the soil types was assumed to be 
the same for the sizes of farms specified.
The resource situations and farm sizes used in this study are not 
intended to reflect present organizations. Rather they are used to 
ascertain what adjustments should occur in the individual farm's 
cropping system in the short run as well as the structural and commod­
ity adjustments of the agricultural sector in the long run. It is 
assumed that internal pecuniary economies are virtually nonexistent 
within the acreage ranges included in this study. Thus, small farms 
(less than 100 acres) and extremely large farms (over 2,000 acres) 
were excluded from the analysis.^
^Bill Bolton, J. B. Penn, Fred T. Cooke, Jr., and Arthur M. 
Heagler, "Days Suitable for Fieldwork, Mississippi River Delta Cotton 
Area," op. cit., pp. 1-43.
lOihe Delta Subcommittee, 0£. cit.
^*The Delta Subcommittee, oj>. cit. Clay farms are 100 percent 
clay soil, sandy farms are 70 percent sand and 30 percent clay.
121969 census data indicated that about 75 percent of the land 
resource was tilled by farm firms in the range studied.
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Labor Availability and Employment
Short run production decisions are largely shaped by the time 
available to perform tillage practices. Time availability materially 
affects permanent labor and machinery requirements and thus the cost 
structure of the farm firm. Table 8 presents the estimated distri-
13bution of tillage hours fit for fieldwork for sandy and clay soils.
The time periods specified in table 8 reflect those periods most 
important to the farm operator in the development of his short run 
production plans. The Julian Calendar was used to simplify the devel­
opment of the analytical model. A standard and Julian Calendar and the 
time periods used in the model are presented in Appendix Table 1. 
Present production systems in the Delta area utilize little seasonal 
labor, and as the mechanization process intensifies, less and less 
will be employed.
The model is structured so that operator and/or hired permanent 
labor may be constrained by the total number of annual work hours as 
set by the hours fit for fieldwork coefficients for clay and sandy 
soils. The contribution of the labor resource was additionally con­
strained by the variance in the hours available for work during peak 
demand periods. Further, operator labor availability was reduced 10 
percent per additional unit of permanent hired labor employed. This
13These coefficients were developed for the Mississippi River 
Delta Area lying North of Angola, Louisiana and South of Memphis, 
Tennessee by the Delta States Farm Adjustments Research Group, March 
1960.
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Table 8. Distribution of hours suitable for fieldwork for
specified calendar periods, Mississippi River Delta 










60-73 1 16 9
74-87 2 27 14
88-101 3 36 15
102-115 4 38 29
116-129 5 61 40
130-143 6 69 55
144-157 7 71 63
158-171 8 71 71
172-185 9 77 77
186-199 10 69 69
200-213 11 61 61
214-227 12 80 80
228-241 13 82 82
242-255 14 90 90
256-269 15 82 82
270-283 16 78 78
284-297 17 76 76
298-311 18 47 47
312-325 19 26 26
326-424 20 75 35
1/ These coefficients were obtained by employing the technique
developed by Bolton and others. See DAE Research Report No. 384, 
Days Suitable for Fieldwork, Mississippi River Delta Cotton 
Area, (Baton Rouge: Louisiana State University, 1968).
2/ Hours available have been adjusted for Sundays and holidays.
These coefficients are not averages. Farm operators can expect 
to have no less than the specified time indicated, 6 years out 
of 7, or about 85 percent of the time.
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was done to reflect the shift in utilization of the operator from a 
dual laborer-manager role to a pure manager role.
Power and Machinery Employment
Performance rates and costs for types and sizes of tools and
power units used in the analytical model reflect the environment
commensurate with the time frame being appraised. Data used in the
model test phase were developed in conjunction with the Regional Adjust- 
14ment Study S-42. 1971 power and machinery information is presented
in Appendix Table 2.
The selection of a power and tool complement was determined by 
the interaction of the restraints associated with the specified time 
periods and the time demands of various enterprise alternatives in 
conjunction with the cost and performance rates of the individual power 
units and tools. Additional constraints on tool and power associations 
were imposed to reflect physical incompatibilities.^
The power and tool portion of the analytical model was designed 
to reflect the "capital" lumpiness of these input items as well as their 
hourly operating costs. Each equipment item requires a minimum of two 
cost activities: a fixed cost activity reflecting the annual interest
and depreciation associated with the tool, and a variable cost activity
14The Delta States Subcommittee, o£. cit.
-̂*A 4-row power unit cannot physically pull a 6-row chisel plow 
but can pull a 6-row planter or cultivator.
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reflecting the cost associated with hourly use. The fixed cost activity 
is an integer reflecting the capital cost generated when a tool is 
employed up to a specified time limit. Once this limit is exceeded an 
additional tool must be employed. Multiperiod employment of any tool 
item is handled by adding a variable cost activity for each additional 
period.
Land Availability and Use
In this study cropland is considered to be a variable factor.
Within the analytical model cropland was divided into two basic soils; 
sandy and clay. This classification was used primarily to delineate 
production systems by soils for the various crop alternatives con­
sidered.^^ The sands were further divided into two subgroups to 
reflect the technological limitations associated with the commerical 
production of certain vegetable crops.
The institutional constraints on land use incorporated in the 
model reflect primarily the effect of government price support - acre­
age control programs. It was anticipated that continued modification 
of these programs will occur as the weights associated with the values
A production system is a combination of machinery operations 
and specified quantities of other inputs. Current research indicates 
that for most crops only two, or at the most, three production systems 
need to be specified for the variety of soils found in the study 
area.
of the urban and agricultural sector shift,̂  and agriculture's 
political position continues to moderate. Thus, the institutional 
constraints were modified to reflect "present" (prior to 1974) pro­
grams as well as old programs in an attempt to appraise the short run 
effect of each on the cost structure and product mix of farm firms; 
the long run modification of the entire agricultural sector; and to 
provide policy makers some idea of how old, current, or proposed pro­
grams meet the specific goals that constitute a broad general policy 
objective.
The major institutional constraints incorporated in the analyt­
ical model are associated with the use of cropland in cotton production, 
and the delineation of the direct payment made to the producer into a 
price support and a diversion payment.
Capital Levels and Requirements
In this analysis it is assumed that operating capital for purchase 
of inputs can be obtained at an interest charge of 8.0 percent per 
year. An annual rate of 7.5 percent was charged on investments in 
assets.
There is usually some limit on the total amount of capital which 
can be controlled by an individual. However, the primary goal of this
^ T h e  importance of these adjustments are discussed in depth 
by Earl 0. Heady, Goals and Values in American Agricultural Policy, 
(Ames: Iowa State University Press, 1961); and Luthern Tweeten,
Emerging Goals and Values for Rural People in an Urban-Indus trial 
Society, (Ames: Iowa State University Press, 1968).
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study was to determine the effect of policy alternatives on the firm 
and industry structure. Thus, capital was not considered to be a 
limiting factor and no limits were placed on its availability. The 
interest rates employed in each phase of the analysis are assumed to 
be the relevant market rates of interest and as such are considered to 
be the opportunity rate of return on capital.
Included Processes
The crop and livestock enterprises considered in the model were
18limited to activities utilizing cropland. The agronomic enterprise 
alternatives included in the model were cotton, soybeans, com, and 
wheat. A beef cattle feedlot enterprise utilizing high energy corn 
silage that could be generated through the c o m  activity is the only 
livestock activity included in the model.
Each permissible enterprise alternative was subdivided into a 
number of processes to simulate the situation faced by the agricul­
tural entrepreneur. He is, in fact, an "opportunist" who develops a
production plan and supervises its enactment over time. However, the
19uniqueness of the stage-production flow relationship associated with
l®The production processes associated with these enterprises 
are almost completely mechanized. Previous research indicates that 
extensive land use enterprises will not occupy cropland. Hog 
activities were excluded since such an activity need not utilize any 
cropland at all.
19John M. Brewster, "The Machinery Process in Agriculture and 
Industry," Journal of Farm Economics. 32(1), February 1950, pp. 69- 
81.
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agriculture creates a situation where a single enterprise or crop is 
in actuality a series of production processes with identical input and 
output levels but some variation in the time frames in which certain 
production stages occur. This proliferation of production processes 
for those enterprise alternatives involved is most important in that 
it fosters the existence of competitive, supplementary as well as 
complementing relationships.
CHAPTER VI
ANALYSIS OF MODEL RESULTS FOR 
THE 1960 HISTORICAL TEST PHASE; THE 
1972 TEST PHASE; AND THE 1974 TEST PHASE
The objectives of this chapter are: (1) to evaluate the reli­
ability of the model results by comparing model generated sector 
adjustments based on 1960 factor-product prices, production technol­
ogy, and national agricultural policy with actual sector adjustments 
based on census data for 1959, 1964, and 1969; (2) to compare model 
generated sector adjustments based on 1972 prices, technology, and 
national agricultural policy with adjustments occurring within the 
sector in 1972, 1973, and 1974; and (3) to appraise the potential 
impact of 1974 factor-product prices, technology, and national agricul­
tural policy on the future farm size and cropping systems in the 
Delta's agricultural sector.
At the outset land was selected as the fixed resource to determine 
farm size. However, preliminary runs of the model indicated it was 
far more efficient to add land in small increments and use some other 
variable to determine farm size. Additional testing indicated that 
the number of tractors is the most efficient and effective variable 
to use in simulating various sizes of Delta farms. This is a reason­
able criterion as all of the agronomic alternatives incorporated into
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the model require a variety of tractor powered tillage practices.
These requirements create conflicts in tractor and other machinery 
employment and utilization.
Evaluation of Model Reliability
This section summarizes the results obtained in the testing of 
the model using historical data for 1960. Machinery and agronomic 
technology, as well as agricultural policy constraints, were obtained 
from the Regional Project S-42 and its Delta phase.^ Incorporating 
these constraints into the model limited, but did not forcibly include 
cotton, but did preclude anything other than a 4-row tractor and 
machinery complement.
The Agricultural Act of 1958 constrained cotton planting to 
approximately 30 percent of a farm's cropland acres. Cotton producers 
were guaranteed a price by the government on their total production 
with the option to recover title to the product within one year if 
prices advanced. Severe monetary penalities were levied against pro­
ducers not in compliance with the Act and production outside of the 
program was not permitted.
"Intermediate run" adjustments generated by the model are presented 
in table 9 for multi-product farms with sandy and clay soils. For both
Fred H. Wiegmann, Bill Bolton, and other members of the Delta 
Subcommittee, Budgets for Major Farm Enterprises in the Mississippi 
Delta of Arkansas. Louisiana, and Mississippi. (Baton Rouge: Louisiana
Agricultural Experiment Station), D.A.E. Circular No. 281, June 1961.
Table 9. Summary of sc* lee ted measures of costs and returns for optimally organized 4-rov Sandy and Clay Soil Multi-product Farms, Mississippi River Delta Area, 1960 1/
Farm
size





















investmentCotton Soybeans Cot ten Soybeans
Number tractors - - - Acres Percent - - - - Dollars - - - -
1 100-350 350 105 245 . 17 > 2n.4 84 17.77*- 100-350 350 105 24 5 . 5006 12,578 31,421
2 375-735 675 202 473 .384 9 30,093 u3,86b 37 5-70'- 5 203 473 .5593 21,407 59,638
3 750-1,075 900 270 630 .3791 67,418 71,308 725-1,075 1,000 300 700 .5318 33,691 66,263
- 1,100-1,425 1,300 390 910 .3732 98,311 100,147 1,100-1,425 1,325 397 926 .5550 42,428 94,628
5 1,450-1,775 1,625 487 1,138 .3776 122,027 127,599 1,450-1.775 1,500 450 1,050 . 5651 46,946 99,724
6 1,800-2,000 1,950 585 1,365 .3859 144,488 163,150 1,800-2,000 1,950 585 1,365 .5628 61,351 134,371
1/ Appendix Table 3 presents an illustration of the detailed economic and physical information generated by the model that was used in the analysis.
21 Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR curve.
_3/ These values reflect that portion of gross revenue necessary* to cover all costs other than land, operator labor, management, and entrepreneurship. 
4/ Specified net revenue reflects income left to cover land rent, operator labor, management, entrepreneurship, and profit.
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soils one tractor farms are the most efficient (SC/TR - columns 6 and 
13). However, they are not the most profitable as shown by Specified 
Net Revenue (columns 7 and 14).
A comparison of the model generated integer machinery complements 
for sandy and clay farms indicates soils had little impact on the 
effective utilization of machinery.
Machinery investments were considerably higher for all predomi­
nately sandy soil situations. Cotton and soybean cultural practices 
used on clay soils employed fewer passes over the field, and deep 
tillage was not employed. This materially reduced machinery needs on 
clay soil farms.
For both soils increasing farm size beyond a 4-row one tractor 
size moved the farm operator into a cost increasing production level. 
However, the proportion of specified cost to gross revenue increased 
very slowly as farm size expanded. Thus, operators who were profit 
motivated could effectively increase income levels by increasing the 
size of their farm operations.
Expansion of clay farms is especially favorable in a range beyond 
a 4-row three tractor 1,000 acre farm up to a 4-row four tractor 1,325 
acre farm. In this area acreage expansion affects gross revenue in 
two distinct ways. First, gross revenue rises as total output in­
creases. Second, more efficient utilization of production resources 
affects production costs so that they constitute a smaller portion of 
gross revenue. Beyond this area specified net returns continue to
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increase. However, production costs per acre are similar or higher 
than those associated with a 4-row two tractor farm.
The expansion picture for predominately sandy soil farms is 
somewhat different. Again a favorable area of expansion exists 
ranging from beyond a 4-row three tractor 900 acre farm through a 4-row 
five tractor 1,625 acre farm. However, the magnitude of the cost effi­
ciencies resulting from more efficient use of resources is extremely 
small and most of the benefit accrues to the increase in gross revenue 
created by increased total output. Specified net revenue continues to 
rise beyond this area. However, production costs are not as adversely 
affected by continued expansion as in the clay soil situations.
Figures 6 and 7 (pages 84 and 85) present a detailed graphic 
analysis of short run adjustments for each size of farm and interme­
diate or long run adjustment opportunities for the two soil situations 
within the agricultural sector.
The short run curves reflect the interaction of divisible as well 
as "integer" or nondivisible production variables on farm organization, 
costs, and returns. The integer lumpiness associated with labor, 
tractors, and various machinery items preclude a smooth short run curve 
for most farm sizes. In addition, integer lumpiness creates acreage 
situations between and within farm sizes that adversely affect 
specified net return. This is illustrated by comparing specified net 
return from a 4-row three tractor clay farm of 1,000 acres with a 4- 
row four tractor clay farm of 1,325 acres (Figure 7). Expansion beyond 
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Figure 7. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves. Clay Soil
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it economically feasible within a 4-row four tractor farm size until it 
contains more than 1,150 acres. Expansion beyond the most efficient 
4-row four tractor clay farm acreage (1,325) also reduces specified net 
returns. However, only 75 more acres must be added to equal specified 
net returns at 1,325 acres. Similarly, within a specific farm size 
adding additional acres may also reduce specified net return. This 
is illustrated by noting the decrease in specified net return on a 
1,300 acre four tractor - sandy soil farm resulting from the addition 
of 25 acres of land (Figure 6). As shown, an operator must add at 
least 75 acres to again generate an increase in specified net return.
The economic information derived from the level and shape of each 
intermediate run or envelope curve, in conjunction with the information 
from its corresponding specified net return curve, provides a simulated 
situation by which conceptual adjustments can be evaluated against 
actual occurrences.
The effectiveness of the cost-revenue ratio in evaluating inter­
mediate run sector adjustments generated by the model is extremely 
important. The ratio indicates that proportion of gross revenue that 
is specified cost. The residual specified net returns reflects that
portion of gross revenue left to cover the cost of unpriced production
2factors (land, operator labor, and management) and economic profit.
2Richard H. Leftwich, The Price System and Resource Alloca­
tion, (New York: Holt, Rinehart, and Winston), Third Edition, 1965,
p. 169.
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For both sandy and clay soils expansion beyond a 4-row one tractor 
farm reduces economic efficiency (1. e., costs Increase as shown by the 
SC/TR envelope curve). However, the specified net return curves 
indicate that, if farm operators are profit motivated, increased pro­
duction costs associated with larger sized farms are more than offset 
by increases in gross revenue. Thus, envelope curves for both 
soils, together with specified net returns curves, indicate that aver­
age farm size in the Delta would shift to larger sized units. The 
rise in the intermediate run adjustments curve indicates farm sizes 
within a range of 350 to 675 acres would be avoided. Throughout this 
area production costs rise. Beyond this point production costs decline 
until farm acreage exceeds 1,000 acres. Continued expansion only 
slightly increases production costs after farm acreage exceeds 1,000 
acres. The level of the envelope curves indicate a high probability 
of the existence of economic profit. For the clay soil farms 56 per­
cent of gross revenue is needed to cover production costs other than 
land and operator income. Predominately sandy soil farms required 
39 percent of gross revenue to cover production costs other than 
land and operator income. Unreasonably high rates of return for 
land and operator income would have to be charged to completely 
absorb the specified net return associated with the two tractor and 
larger sized farms included in the analysis.
Model results are supported by census data presented in Chapter 2, 
table 3. In 1959 the average Delta farm contained 224 acres. This 
increased to 527 acres in 1969. Additional census information indicates
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that the number of farms with more than 260 land acres increased
between 1960 and 1969 while total farm numbers declined more than 88 
3percent. The magnitude of this adjustment is also Indicated by the 
change in makeup of farms within the Delta. In 1959 farms with more 
than 100 acres constituted 26.8 percent of all farms compared to 59.1 
percent of all farms in 1969.
The multi-product cotton-soybean cropping system developed by the 
model is also supported by census data. Data presented in Chapter 2, 
table 6 incidate a rapid decline in c o m  and pasture acreage and a 
rapid increase in soybean production between 1959 and 1969. Shifts 
in cotton acreage reflect the impact of administrative adjustments to 
the national agricultural policy as attempts to balance production and 
consumption were implemented.
Firm and Sector Adjustment Estimates for 1972
This section summarizes results obtained from the model using 
1972 factor and product prices, agronomic and machinery technology, and 
national agricultural policy programs affecting Delta farmers. The 
analysis is subdivided into two parts. The first deals with the 
potential impact of current agricultural policy on cropping patterns 
and farm size on sandy and clay farms employing advanced technology and 
6-row equipment. The second appraises the potential impact on cropping
Farms with more than 260 acres: 1950 census 2,519; 1969
census 3,282. Total number of farms: 1950 census 63,350; 1969 census
8,050.
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patterns, farm size, and production efficiency resulting from a shift 
from 4-row to 6-row machinery technology within the 1972 factor-product 
price and agriculture policy framework.
Estimates of 1972 Firm and Sector 
Adjustments to National Agricultural Policy
The Agricultural Act of 1970 as amended in 1971 permitted cotton 
farmers to produce cotton and a variety of other crops alone or in 
combination with other crops. Cotton producers received a government 
payment not to exceed 15 cents per pound for cotton produced to fulfill 
their domestic allotments, subject to a 25,000 dollar payment limita­
tion. Payments were based on a "verified projected yield" and could be 
maintained only by growing cotton. Provisions of the Act permitted 
unlimited plantings of cotton and most other crops and no mandatory 
diversion of cropland for conservation purposes. Thus, multiple pro­
duct cropping systems fostered by old technologies, and perpetuated by 
previous agricultural programs, could be modified as farmers in the 
Delta sought to increase net returns.
Three basic adjustment opportunities were provided Delta farmers 
under the Amended 1970 Act. These were cotton only; soybeans only, 
and combinations of cotton, soybeans, and small grains. The inter­
action of factor-product prices and agronomic and machinery technology 
with specific soil environments is instrumental in the selection of a 
profit maximizing cropping system. Tables 10 and 11 summarize the 
economic information generated by the model to appraise intermediate
Table 10. Summary of selected measures of costs and returns for optimally organized 6-row Tractor Clay Soil Cotton and Soybean Farms,
Mississippi River Delta Area, 1972
Farm
size

















Specified , .Machinery 
, , investment revenue ft/
Number tractors - - - - Acres Percent - - - - Dollars - - - - - - - - Acres ----- Percent - - - Dollars - - - -
1 100-150 150 .6505 11,465 54,594 100-425 425 .3649 19,299 31,894
2 175-350 300 .6939 20,078 100,835 450-875 825 .4330 33,438 61,352
3 375-500 450 .7119 28,355 149,761 900-1,300 1,225 .4511 48,079 87,742
4 525-650 600 .7130 37,644 192,206 1,325-1,750 1,600 .4567 62,148 117,200
5 675-850 825 .7142 51,563 244,188 1,775-2,000 2,000 .4741 75,199 144,710
6 875-1,000 1,000 .7135 62,525 293,890
7 1,025-1,150 1,150 .7247 68,262 s 339,254
8 1,175-1,325 1,225 .7323 70,368 382,276
9 1,350-1,500 1,500 .7347 84,192 438,297
10 1,525-1,650 1,650 .7392 90,506 479,798
11 1,675-1,825 1,800 .7442 96,381 522,613
12 1,850-2,000 1,950 .7473 102,734 564,758
1/ The multi-product farm solutions are the same as for cotton farms.
2/ Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR curve.
3/ These values reflect that portion of gross revenue necessary to cover all costs other than land, operator labor, management, and
entrepreneurship.
4/ Specified net revenue reflects income left to cover land rent, operator labor, management, entrepreneurship, and profit.
Table 11. Summary of selected measures of costs and returns for optimally organized 6-row Tractor Sandy Soil Cotton and Soybean Farms,
Mississippi River Delta Area, 1972'























Number tractors - - - - Acres ----- Percent - - - - Dollars - - - - - - - - Acres ----- Percent - - - - Dollars - - - -
1 100-300 300 .5847 36,939 89,157 100-600 600 .2839 30,719 31,894
2 323-625 450 .6041 43,349 135,700 625-1,200 1,150 .3367 54,541 61,996
3 650-950 825 .6062 79,054 208,393 1,225-1,800 1,700 .3558 - 78,310 92,770
4 975-1,275 1,175 .6087 110,301 291,365 1,825-2,000 2,000 3906 87,143 122,228
5 1,300-1,550 1,500 .6151 136,149 363,840
6 1,575-1,875 1,650 .6244 145,628 412,332
7 1,900-2,000 2,000 .6340 170,470 490,989
1/ The multi-product farm solutions are the same as for cotton farms.
2/ Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR curve.
2_l These values reflect that portion of gross revenue necessary to cover all costs other than land, operator labor, management, and
entrepreneurship.
4/ Specified net revenue xeflects income left to cover land rent, operator labor, management, entrepreneurship, and profit.
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run adjustment opportunities open to Delta fanners. These data Indi­
cate that cotton cropping systems are more machinery intensive, thus, 
limiting the cropland acres within a particular farm size. Soybean 
farms contain far more acres than cotton farms for the same "size", 
as measured by number of tractors - from 1.7 to 5.55 times more acres 
for predominately sandy soils, and 2.42 to 2.83 times more acres for 
clay soils. This is further supported by the least-cost integer 
machinery bundle investment generated by the model for each farm size 
shown in table 10.
For both soils the specified cost-total revenue ratio indicates 
one tractor farms are the most efficient (based on SC/TR percent) and 
that soybean farms are far more efficient than cotton farms. However, 
a comparison of the specified net returns of soybean and cotton farms 
with similar acreages indicates cotton farms are more profitable. For 
example, a clay cotton farm containing 1,225 acres generates $22,289 
more specified net revenue than a soybean farm containing the same 
acreage ($70,368 - $48,079 = $22,289), table 10.
Figures 8, 9, 10, and 11 present a graphic summary of the short 
and intermediate run adjustment opportunities for each size of farm 
and for a major portion of the Delta agricultural sector. Short run 
average cost adjustments are depicted by the specified cost-total reve­
nue ratio curve for each size farm. The shapes of these curves are 
unique in that they reflect the interaction of divisible as well as 
integer (indivisible) variables on farm organization, costs, and 





















Figure 8. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil Cotton
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Figure 9. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil
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Figure 10. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil
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Figure 11. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil
Soybean Farms, 6-row machinery technology, 100-2,000 acres, 1972
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additional integer (indivisible) variables within a farm size and be­
tween farm sizes is clearly illustrated in each of the figures (by the 
"humps'1 in the short run cost curves). In every case the impact de­
clined as size increased, reflecting the spreading of added cost over 
the total acres involved rather than those additional acres that gen­
erate the cost. For example, in a 6-row sandy soybean situation 
(Figure 11) shifting from 1,150 to 1,175 acres requires an additional 
integer (indivisible) unit of labor. The initial impact increases the 
cost-revenue ratio about 43? percent. A similar situation occurs between 
1,700 and 1,725 acres. However, the initial impact at this level 
increases the cost-revenue ratio only 3 percent. Similarly, moving 
from a one tractor to a two tractor 6-row sandy soybean farm has far 
more impact on the cost-revenue ratio (up more than .20) than shifting 
from a two to a three tractor farm (up about .05).
Short run model results indicate certain combinations of land and 
machinery adversely affect specified net return in every soil and 
cropping situation evaluated. This is especially true in the transi­
tion from a one tractor to a two tractor soybean farm. On sandy soil 
soybean situations at least 175 acres must be added to a 6-row two 
tractor farm to prevent a decline in specified net return (Figure 11). 
Cotton farms are similarly affected. For clay soil cotton farms 
approximately 90 acres must be added to a 6-row two tractor farm to 
provide the same level of specified net return generated by a 6-row 
one tractor farm (Figure 8). Acreage adjustments within a specific 
farm size can also reduce specified net return. On a 6-row four
98
tractor clay soybean farm (Figure 10) a fanner must move from 1,600 
to 1,700 acres to achieve any Increase In specified net return.
The Intermediate run planning curve for each soil situation and 
cropping system Is shown by the envelope curve tangent to a point on 
the short run firm adjustment curve for each specific situation. The 
economic information derived from the level and shape of each envelope 
curve, in conjunction with the information from the corresponding 
specified net return curve, provides a basis for appraising the 
adjustment options open to producers with similar soils. In addition, 
these data also indicate potential adjustments in farm size and cropping 
patterns in the Delta.
In every situation examined, expansion in farm size is always in 
the cost increasing area. Model results indicate that an increase in 
average cost (a rise in the specified cost-revenue ratio) is associated 
with a shift from one to two 6-row tractor farms. However, beyond a 
two tractor farm per unit average cost increases more slowly to the 
limit of the acreage permitted.
Properly organized one tractor farui3 are the most efficient. 
Although per unit cost is minimized in this type of farm organization 
the inability to generate a reasonable level of specified net return 
precludes their continued existence in a highly mechanized commercial 
agriculture.
If 1972 factor-product cost and price relationships were to 
continue several years in a basically profit maximization economic 
atmosphere, production patterns in agriculture would shift to a single
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commodity - cotton, and farm enlargement would continue upward, gener­
ally ranging from 600 to 2,000 acres.
Evaluation of Firm and Sector 
Adjustments to National Agricultural Policy 
and New Versus Old Machinery Technology
Tables 12 and 13 present a summary of specific intermediate run 
economic information generated by the model for sandy and clay farms 
using 4-row machinery technology. Agronomic factor-product relation­
ships, soil situations, and agricultural policy constraints were not 
altered from those previously used in the 1972 analysis. Thus, these 
data and the information derived from the intermediate run enevelope 
curves and their related specified net return curves in Figures 12,
13, 14, and 15 provide a basis for examining the rationale in shifting 
from a 4 to a 6-row machinery technology.
Comparisons of production efficiency reflected by the magnitude 
of the specified cost-revenue ratio indicates a 6-row machinery tech­
nology is generally more efficient in all cropping systems for 
predominately sandy soil farms (compare Figures 9 and 11 and 13 and 
15). Additionally, model results indicate that in comparable acreage 
situations specified net return is higher for a 6-row machinery farm 
operation. A 300 acre 6-row sandy cotton farm generates $7,279 more 
specified net return than a 4-row cotton farm of equal size ($36,939 - 
$29,660 = $7,279, tables 11 and 13). However, the advantage of 6-row 
machinery technology apparently declines as acres operated increases. 
At 1,650 acres a 6-row equipment farm operation provides only 299
Table 12. Summary of selected measures of costs and returns for optimally organized 4-row Tractor Clay Soil Cotton and Soybean Farms,
Mississippi River Delta Area, 1972
Farm
size
















Specified „ , .Machinery net .a / investment revenue it'
Number tractors - - - - Acres ----- Percent - - - Dollars - - - - - - - - Acres ----- Percent - - - Dollars - - - -
1 100-150 150 .6267 12,246 48,487 100-300 300 .4078 12,702 26,134
2 175-300 300 .6793 21,043 63,150 325-600 575 .5096 20,163 50,740
3 325-475 425 .7108 26,878 135,363 625-900 750 .5385 24,748 60,770
4 500-625 575 .7152 35,812 179,561 925-1,225 1,125 .5271 38,035 85,376
5 650-775 725 .7186 44,623 223,989 1,250-1,525 1,375 .5222 46,976 95,486
6 800-950 950 .7159 59,025 271,435 1,550-1,825 1,650 .5369 54,634 119,004
7 975-1,100 1,100 .7242 65,647 314,255 1,850-2,000 1,950 .5407 64,041 139,959
8 1,125-1,250 1,250 .7333 71,418 358,680
9 1,275-1,400 1,400 .7404 77,241 402,878
10 1,425-1,575 1,500 .7388 82,907 413,093
11 1,600-1,725 1,650 .7443 88,767 457,283
12 1,750-1,875 1,825 .7443 97,620 499,969
13 1,900-2,000 2,000 .7457 105,903 546,805
1/ The multi-product farm solutions are the same as for cotton farms.
2/ Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR curve.
3/ These values reflect that portion of gross revenue necessary to cover all costs other than land, operator labor, management, and
entrepreneurship.
O
4/ Specified net revenue reflects income left to cover land rent, operator labor, management, entrepreneurship, and profit. O
Table 13. Summary of selected measures of costs and returns for optimally organized 4-row Tractor Sandy Soil Cotton and Soybean Farms,
Mississippi River Delta Area, 1972
Farm
size






















Number tractors - - - - Acres ----- Percent - - - Dollars - - - - - - - - Acres ----- Percent - - - Dollars - - - -
1 100-200 150 .5535 16,297 49,279 100-400 400 .3271 15,465 26,134
2 200-400 300 .5937 29,660 91,767 425-825 800 .3919 34,786 50,021
3 425-600 600 .6038 57,849 167,434 850-1,250 1,075 .4043 45,783 59,459
4 625-800 750 .6077 71,598 207,779 1,275-1,675 1,550 .4035 66,112 81,821
5 825-1,000 1,000 .6011 96,880 248,897 1,700-2,000 1,925 .4232 79,382 102,621
6 1,025-1,200 1,150 .6137 106,732 294,316
7 1,225-1,400 1,325 .6169 120,797 335,263
8 1,425-1,625 1,500 .6199 134,684 377,459
9 1,650-1,825 1,650 .6252 145,329 417,946
10 1,850-2,000 1,950 .6319 167,347 493,763
1/ The multi-product farm solutions are the same as for cotton farms.
2/ Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR curve.
3/ These values reflect that portion of gross revenue necessary to cover all costs other than land, operator labor, management, and
entrepreneurship.






















Figure 12. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil
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Figure 13. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil


























































Figure 14. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil






















































Figure 15. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil
Soybean Farms, 4-row machinery technology, 100-2,000 acres, 1972
-- 80
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dollars additional specified net return over a 4-row situation 
($145,628 - $145,329, specified net return, tables 11 and 13). A 
major advantage of the 6-row technology is the greater potential for 
acreage expansion within a specific farm size, particularly, as farm 
size increases. A 6-row machinery six tractor sandy cotton farm 
spanned 1,575 to 1,875 acres compared to a span of 1,025-1,200 acres 
for a 4-row machinery six tractor farm operation.
Model results for clay soil situations indicate a shift to 6-row 
technology becomes a reasonable alternative in cotton cropping systems 
once farm acreage exceeds 450 acres. In soybean cropping systems 6-row 
technology appears to be the best alternative throughout the size 
ranges and acres evaluated.
A comparison of specified net return of comparable 4 and 6-row 
technology on comparable soils indicates monoculture cotton would not 
furnish adequate economic incentive to cause a shift from a 4 to 6-row 
machinery technology. It appears the rapid shift in machinery tech­
nology resulted from the national cotton program designed to limit 
cotton production through acreage controls. These programs promoted 
expansion in soybean production which made a shift to 6-row machinery 
economically feasible. This modification in technology facilitated 
expansion in farm size and increased production efficiency at the 
same time.
For both sandy and clay soils and 4 and 6-row machinery the 
income potential of small farms is limited by low volume production.
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Optimally organized one tractor farm operations have the most efficient 
cost structure (tables 10, 11, 12, and 13). However, specified net 
return Is constrained by the limit on total output. Specified net 
returns from soybean cropping systems generally would be Insufficient 
to cover land and operator labor cost (tables 10-13). Multiple product 
cropping systems are not a profitable alternative to a monoculture 
cotton cropping system within the size and acreage ranges evaluated.
Future Firm and Sector Adjustment Estimates
This section summarizes short and intermediate run adjustments 
open to farmers and the agricultural sector in the Delta based on 
1974 factor-product prices, agronomic and mechanical technology, and 
national cotton programs. The Agricultural and Consumer Protection Act 
of 1973 contained major changes in the emphasis and implementation of 
National Agricultural Policy. Distinguishing features of the new law 
were: (1) Direct treasury payments to guarantee eligible farmers a
minimum return for wheat, field grains, and cotton. (2) Payments 
geared to a target price and limited to $20,000. Target prices based 
on (a) changes in a production cost index during the preceding year, 
and (b) a moving three year average of yields per acre. (3) Producers 
of wheat, feed grains, and cotton had to plant 90 percent of their 
allotment to those crops or an eligible substitute or suffer a gradual 
loss of allotment. (4) Set aside and conserving base requirements of 
the previous Act were not modified, but were suspended by the Secretary
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of Agriculture for one and four years, respectively. (5) Price support 
loans based on factors other than parity were retained. Since 1972 
factor and product prices have advanced rapidly. Per acre materials 
costs including seed, herbicide, insecticides, and fertilizer in­
creased 76 percent for cotton produced on clay soils and 79 percent for 
cotton produced on sandy soils. Similar increases were noted for soy­
beans. However, the increase (103 percent) was the same for both soils.
Corn and milo production materials costs per acre advanced 87 and 73
4percent, respectively.
Product prices used in this phase of the analysis were attained 
through local sources in October 1974 and reflect net prices received 
by farmers.*’ No major modification in production technology had 
occurred. Thus, 1971 machinery costs were used in the analysis.
The national cotton program applicable to 1974-75 provides a 
target price for cotton produced by growers with an allotment. Payments 
up to 20,000 dollars are permitted on the domestic portion of an allot­
ment if the market price declines below the target price. No payments 
are made to any grower if the market price exceeded the target price. 
Cropping alternatives were not constrained. Thus, farmers may produce
4Fred T. Cooke, Jr., J. M. Anderson, and Arthur M. Heagler, 
Op. cit., pp. 12, 31, 38, 40, 42, and 46.
^Cotton lint - $.45 per pound; cottonseed - $.06 per pound; 
soybeans - $8.50 per bushel; corn - $3.50 per bushel; wheat - $4.00 
per bushel.
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any combination of crops desired. The relationship between target 
price and current market price precluded any payment to Delta cotton 
growers in 1974.
Tables 14 and 15, present selected economic information generated 
by the model that provide a basis to appraise intermediate run adjust­
ment opportunities open to Delta farmers. These data indicate that a 
major shift in cropping systems found on clay farms will occur if 
present factor-product price and physical relationships remain un­
changed. Clay farms ranging from 100 to 850 acres would shift to a 
monoculture soybean cropping system (see comparisons, table 14).
Beyond 850 acres a multi-product system that is predominately soybeans 
becomes more efficient and generates slightly more income. It is 
highly unlikely that farmers with more than 1,000 acres of cropland 
would plant less than 100 acres of cotton (table 14). Thus, it appears 
that a monoculture soybean cropping system would probably dominate clay 
soils in an intermediate adjustment time frame.
A similar shift in cropping systems would occur on farms with 
sandy soil situations. Cotton would be the predominant crop on farms 
containing no more than 150 acres (table 15). However, once farm 
acreage exceeds 150 acres a multi-product firm producing soybeans on 
clay soils, and cotton and c o m  on sandy soils is the most effective 
specified net return generator. Monoculture soybean cropping systems 
are by far the most efficient and generate more specified net return 
than a monoculture cotton system of similar acreage. However, the 
economic advantage of a multi-product cropping system would' in the
Table 14. Summary of selected measures of costs and returns for optimally organized 6-row Clay














Number tractors - - - - - -  Acres Percent Dollars - - - - -
1 100-150 125 .5556 19,154 45,119
2 175-325 300 .5566 45,863 101,135
3 350-500 500 .5537 76,952 149,845
4 525-650 600 .5484 93,432 193,511
5 675-825 825 .5421 130,254 243,972
6 850-1,025 1,025 .5310 165,743 290,513
7 1,050-1,150 1,150 .5365 183,786 335,877
8 1,175-1,325 1,325 .5330 213,372 382,789
9 1,350-1,500 1,500 .5315 242,307 433,875
10 1,525-1,650 1,650 .5310 266,808 475,376
11 1,675-1,825 1,800 .5312 290,960 517,317


















Number tractors - - - - - -  Acres Percent Dollars - - - - -
1 100-425 425 .1557 79,300 31,894
2 450-850 825 .1777 149,921 60,457
3 875-1,300 1,200 .1870 215,604 86,487
4 1,325-1,725 1,600 .1904 286,261 116,305

















Number tractors Percent - - - - Dollars - - - -
1 100-425 425 4/ 14 436 .2147 75,400 57,269
2 450-850 800 25 775 .1844 146,679 86,727
3 875-1,275 1,200 37 1,163 .1770 222,008 113,117
4 1,300-1,725 1,575 48 1,527 .1751 292,082 142,575
5 1,750-2,000 1,950 60 1,890 .1733 362,408 167,982
If Acreage corresponds with the minimum cost point on each farm size short run cost or SC/TR 
curve.
21 These values reflect that portion of gross revenue necessary to cover all costs other than
land, operator labor, management, and entrepreneurship.
3/ Specified net revenue reflects income left to cover land rent, operator labor, management,
entrepreneurship, and profit.
4/ Cotton occupies 100 percent of cropland on farms with less than 150 acres and is the major
crop until cropland exceeds 275 acres.
Table 15. Summary of selected measures of costs and returns for optimally organized 6-row Sandy















Number tractors - - - - - -  Acres Percent Dollars - - - - -
1 100-150 150 .4915 29,560 56,214
2 175-325 300 .4769 60,817 98,359
3 350-500 450 .5146 84,647 142,996
4 525-650 600 .5180 112,079 187,081
5 675-825 825 .5165 154,581 233,098
6 850-1,000 1,000 .5139 188,375 277,139
7 1,025-1,150 1,150 .5168 215,367 323,900
8 1,175-1,325 1,325 .5141 249,521 366,868
9 1,350-1,500 1,500 .5125 283,365 410,933
10 1,525-1,650 1,650 .5122 311,755 453,932
11 1,675-1,825 1,800 .5148 338,434 502,290

















Number tractors - - - - - -  Acres Percent Dollars - - - - -
1 100-600 600 .1260 115,898 31,894
2 625-1,200 1,150 .1425 217,914 61,996
3 1,225-1,800 1,700 .1483 319,996 92,770

















Ntnnber tractors Acres Percent - - Dollars - - -
1 100-300 300 4/ 167 90 43 .3804 62,699 72,874
2 325-600 575 312 173 90 .3773 120,351 117,211
3 625-900 850 463 255 132 .3780 177,832 162,900
4 925-1,200 1,125 613 338 174 .3830 233,429 216,425
5 1,225-1,525 1,525 831 458 236 .3815 317,219 268,444
6 1,550-1,825 1,825 995 548 282 .3790 381,206 312,904
7 1,850-2,000 1,950 1,064 585 301 .3816 405,618 355,500
:reage corresponds with the minimum cost point on each farm size short run cost or SC/TR
curve.
2/ These values reflect that portion of gross revenue necessary to cover all costs other than 
land, operator labor, management, and entrepreneurship.
3/ Specified net revenue reflects income left to cover land rent, operator labor, management, 
entrepreneurship, and profit.
4/ Cotton occupies 100 percent of the cropland on farms with less than 150 acres and is the 
major crop throughout the acreage range studied.
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intermediate adjustment time frame tend to maintain some combination 
of cotton, soybeans, and possibly small grains on Delta farms with 
predominately sandy soils.
Figures 16, 17, 18, 19, 20, and 21 present a graphic summary of 
the short and intermediate run adjustment alternatives open to various 
sizes of farms and that segment of the agricultural sector with a 
similar soil characteristic. Short run adjustments influence not only 
production efficiency, but also specified net return. In the size 
situations included in the analysis almost every expansion within a 
farm size increased specified net returns. Further, the impact of 
integer variables on short run adjustments appears to be dampened by 
the drastic modification in factor-product price relationships. For 
example, a comparison of model results for efficient 6-row two tractor 
clay farms producing soybeans in 1972 and 1974 (Figures 10 and 17, 
respectively) indicates any expansion beyond 825 acres of less than 175 
acres would reduce specified net return in 1972. However, in 1974 only 
25 acres must be added to a 825 acre farm to increase specified net 
return. In the former situation a sizeable investment in land and 
machinery would have been required to achieve even a minimum improve­
ment in specified net return. In the latter situation specified net 
return could be increased within the same farm size with minor additions 
to the machinery bundle. An expansion of 175 acres in 1974 would create 
a sizeable machinery investment requirement. However, specified net 
return would rise about 17 percent (Figure 17).
Intermediate run adjustments open to cotton and multi-product 





















Figure 16. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil























































Figure 17. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil

























































Figure 18. Estimated fina specified net return, short run firm and intermediate run sector adjustments curves, Clay Soil




Specified net return -- 250


















































Figure 19. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil
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Figure 20. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil
Soybean Farms, 6-rou- machinery technology, 100-2,000 acres, 1979
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Figure 21. Estimated firm specified net return, short run firm and intermediate run sector adjustments curves, Sandy Soil































are generally not the most efficient (table 14). However, in the 
monoculture soybean cropping system the one tractor farm is the most 
efficient (table 14). In this situation any farm enlargement beyond 
425 acres will force a farmer into a cost increasing production situa­
tion. However, when cropland on cotton and multi-product farms 
exceeds 825 acres production efficiency increases (specified cost - 
total revenue ratio declines) until cropland exceeds 1,650 acres 
(table 14). At this point production efficiency begins to decline 
again. No evidence of size diseconomies are shown by clay monoculture 
cotton cropping systems until a farm contains more than 1,650 acres. 
Beyond 1,650 acres size diseconomies are extremely small and would not 
effectively deter continued expansion in cultivated acreage on Delta 
farms. Clay multi-product cropping situations showed no size dis­
economies within the farm sizes and acreage ranges evaluated (table 
14, Figure 18).
Intermediate run adjustments for farms with predominately sandy 
soils indicate those employing two tractors are more efficient for both 
cotton and multi-product cropping systems (table 15). As in the clay 
soil situations efficient soybean cropping systems utilize a single 
tractor (table 15).
In general, farm enlargement on predominately sandy soil farms 
beyond 500-600 acres moves farm operators into a slightly cost in­
creasing situation (table 15, Figures 19, 20, and 21). However, 
continued expansion should be expected in sandy soil cotton and 
multi-product farm operations as once cropland exceeds 650 acres
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production efficiency begins to improve. Discrete additions of land 
create short run diseconomies throughout the size and acreage range 
studied (Figures 19, 20, and 21). However, intermediate run dis­
economies did not occur until farm cropland exceeded 1,800 acres on 
cotton farms, and 1,825 acres on multi-product farms.
The specified cost-revenue ratio shown by specific acreage situa­
tions for each cropping system indicated monoculture soybeans generated 
the lowest and monoculture cotton the highest specified cost bundle 
per dollar of gross revenue (table 15). However, a comparison of 
cropping systems containing the same acres of cropland indicates that 
a multi-product system generates the highest level of specified net 
return throughout the farm sizes and acreage ranges included in the 
analysis (table 15).
The envelope or intermediate run adjustment curves for the three 
1974 cropping systems indicates a major restructuring within the 
Delta's agricultural sector will occur if factor-product prices, 
technology, and government programs remain relatively constant. 
Predominately clay farms will shift to a monoculture soybean cropping 
system while sandy farms containing some clay, but predominately sandy 
soils will maintain the multi-product cropping system currently found 
throughout the area. Tremendous pressure for continued expansion in 
farm acreage will occur, especially on clay soils. The shape of the 
envelope curves for alternative soil and cropping situations suggest 
the average Delta farm will contain at least 850 acres and will continue 
to expand if farm operators are primarily profit motivated.
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Considerable adjustment in the level of the envelope curves 
occurred between 1972 and 1974. In general, production efficiency, as 
measured by the proportion that specified cost is of total revenue,
improved 20 percent for soybean cropping systems (Figures 13, 15, 17,
and 20) and 10 percent for cotton systems (Figures 12, 14, 16, and 
19).
The income picture for farms with less than 200 acres materially
improved to the extent that all three cropping systems generated a




This study had three overall objectives. One was to develop a 
general regional agricultural adjustments model that would identify 
the direction, impact, and to some degree, the magnitude of firm short 
run and sector intermediate or long run adjustments to exogenous and 
endogenous forces. The second was to test the model using historical 
input-output data and relevant exogenous institutional constraints 
and determine the reliability of the model by comparing the results 
with actual long run shifts in farm size and organization. The third 
was to estimate current (1974) and future modifications in firm and 
sector structure using current and projected factor-product prices, 
agronomic and mechanical technology, and relevant institutional 
constraints.
The analysis is applicable to that portion of the Mississippi 
flood plain lying north of Angola in Louisiana and all of the flood 
plain in the State of Mississippi.
Two major soil resource situations and machinery complements were 
incorporated into the model to facilitate the analysis of adjustment 
opportunities to change in economic, technological, and institutional 
conditions. Production alternatives considered in determining optimum 
farm plans were limited to those considered to offer major and feasible
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adjustment opportunities. Crop alternatives included cotton, soybeans, 
corn, and other feed grains.
Input-output coefficients were obtained from published sources 
and judgments of professional agricultural workers in the area.
Linear programming techniques were used to develop the most prof­
itable or optimum combination of enterprises for a 100 acre farm. A 
post optimal parametric technique was then used to develop a series 
of optimal solutions at 25 acre intervals through a 2,000 acre farm.
A unique feature of the model permits a single production activity
to act as a series of production processes or functions. Proportioning
each sequential operation within a production activity through time is 
limited to specifying when the operation begins and ends and the number 
of passes over the field. This feature reduces specification bias as 
well as the number of production activities within the model.
Within the model only those costs normally associated with short
run adjustments were permitted to enter into the profit maximization 
decision process. Model solutions generated a variety of economic 
information used in the analysis including total revenue, variable 
cost components, and physical information used in computing a fixed 
machinery and labor cost for integer machinery and labor complements. 
Specified net returns is a residual claimant for land rent, operator 
labor, management, entrepreneurship and profit.
Results generated by the model for short run firm and intermediate 
run sector adjustments utilizing 1960 input-output data and institu­
tional constraints are clearly in line with historical evidence
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available from the Census of Agriculture. In the 10 years between 
1959-69 farm numbers in the study area declined 14,699; average farm 
cropped acres rose from 224 to 527 acres. Further, the proportion of 
farms containing 100 to 2,000 acres increased from 26.8 percent to 
59.5 percent of all farms in the area. The shape and level of the 
envelope curves (Figure 7) derived from model results indicates that 
size expansion by operators of farms with clay soil situations would 
be toward a 4-row three tractor farm containing at least 900 acres. 
Farmers with predominately sandy soils (Figure 6) would expand beyond 
a 900 acre three tractor farm toward a 1,275-1,300 acre 4 -row four 
tractor farm. In both soil situations diseconomies of size occurred 
within and between various farm sizes. However, the economic rationale 
to expand was present throughout the entire size and acreage range 
evaluated as specified net return increased.
Firm short run and sector intermediate run adjustment options 
were developed using 1972 factor-product prices, agronomic and 
machinery technology, and institutional constraints. A major shift 
in machinery technology made it necessary to broaden the analysis to 
include a comparison of old and new machinery technology in an effort 
to ascertain the economic rationale of the rapid conversion that 
actually occurred between 1960 and 1972.
Analysis of the situation for 1972 indicates a shift in cropping 
system from the 1960 multi-product crop organization to a monoculture 
cotton system on both soils. Expansion in farm size beyond a 6-row 
one tractor situation moves the operator into a cost increasing area.
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However, Increased cost is more than offset by increased total revenue. 
Pressure for expansion in farm size would continue, with size and 
acreage levels similar to those associated with the 1960 analysis.
Specified net returns generated by monoculture cotton farms with 
less than 500 acres and all monoculture soybean farms do not appear to 
be sufficient residual claimant for land rent and operator labor, man­
agement, and entrepreneurship.
A comparison of 4 and 6-row machinery technology using 1972 
input-output data indicates the adoption of 6-row machinery was eco­
nomically feasible in cotton cropping systems on clay soil farms 
containing 100 to 675 acres (Figures 8 and 12). Beyond this point 
there was no appreciable difference in production efficiency or income 
generated by either machinery technology. On predominately sandy soil 
cotton cropping systems (Figures 9 and 13) there is little if any 
difference in production efficiency or income generated by either 4 
or 6-row machinery technology throughout the size range of firms 
studied.
The adoption of 6-row machinery technology increased production 
efficiency in both clay and sandy soybean cropping systems (Figures 
10, 11, 14, and 15). However, specified net return did not Increase 
on farms with less than 300 acres.
Model results indicate adoption of 6-row machinery technology was 
economically feasible. It appears the cotton acreage control-price 
support program provided most of the stimulus that fostered the rapid 
transition in machinery technology. The multi-product cropping system,
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with soybeans occupying a major portion of the cropland was readily 
adaptable to the new technology. However, cost efficiencies did not 
accrue to soybeans alone since 6-row technology was economically 
feasible in a monoculture cotton system once farm size expanded beyond 
two tractors.
Analysis of future firm and sector adjustments based on 1974 
economic, physical, and institutional constraints indicate major 
adjustments will occur in the Delta. Operators on clay soil situations 
will shift primarily to monoculture soybeans (table 13). Farmers with 
predominately sandy soils will continue to use the multi-product 
cropping system currently prevalent throughout the area (table 14).
Clay soils will be predominately planted to soybeans and cotton and 
corn will occupy sandy soils, with cotton predominating.
Model results indicate the pressure to increase farm size will 
continue as farmers attempt to increase income. Farm size expansion 
within the sandy soil resource of the Delta will be toward farms with 
1,500 or more acres of cropland. In the clay soil resource situations 
expansion will be toward farms with 1,600 or more acres of cropland. 
Growth beyond the acreages specified above are economically feasible 
and will occur if farmers are profit motivated.
Total specified net return generated by m i n imum size farms in 
every cropping alternative evaluated appear to be more than enough to 
cover land rent and operator labor, management, and entrepreneurship 
costs.
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Considerable experience and insight was gained in this study 
concerning the identification and inclusion of essential assumptions 
and model implementation that facilitate efficient formulation of a 
non-aggregative model and effective employment of its output in 
estimating firm and sector adjustments to change.*- A large measure 
of the success achieved can be attributed to the following major 
assumptions and procedures. Among the assumptions are:
(1) That a perfectly competitive economic environment does
not exist in the region.
(2) That profit maximization is an adequate proxy for the
decision matrix of most Delta farmers.
(3) That sector adjustments to exogenous and endogenous change 
is affected over a time span greater than a single production year.
(4) That production resources may be either continuous or
discrete.
(5) That capital and labor will not be limiting resources.
(6) That model decisions will be based only on variable
costs.
(7) That specified cost-total revenue ratio curves may be used
in lieu of per unit cost curves in affecting a comparable evaluation
of size economies or diseconomies between mono-product and multi-product
Efficient is defined as doing the thing right and effective 
is defined as doing the right thing. John E. Lee, Jr., Monthly 
Report. Commodity Economics Division, Economic Research Service,
U. S. Department of Agriculture, (Washington, D. C.: October 1974).
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firms, and when coupled with a specified net return curve, provides a 
basis to estimate short and intermediate run firm and sector adjust­
ments to change.
The assumption of imperfect competiton is extremely important 
in that it recognizes the possibility of economic profit in either 
a short or intermediate time frame. Further, it permits the employ­
ment of an optimization technique in the analysis. This process makes 
it possible to generate a series of optimum solutions for a specific 
farm size. Selected economic information can be used to derive a 
short run adjustment and a specified net return curve for a firm 
indicating where production costs are minimized and profits are 
maximized.
The linear programming model in itself is not a direct analytical 
tool. Rather it is a monetary and physical data generator, designed 
to simulate the varied reactions of a variety of farm firm resource 
situations to exogenous or endogenous change. These results are then 
evaluated within the context of the theory of production under short 
and intermediate or long run situations.
Integer variables are costed ex-post based on model generated 
physical data. It appears the number of integer variables required to 
generate reliable intermediate or long run adjustment estimates could 
be limited to labor, power units, and harvest equipment. This would 
reduce computational time. But short run firm solutions would be of 
little value to farmers as guides in arriving at a rational production 
system.
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Selection of the farm size "identification" variable is extremely 
important. It is instrumental in creating within the model a reason­
able simulation of actual firm reaction to various stimuli. In this 
study the number of tractors was selected as the size identification 
variable. Land was added in the post optimal process, one acre at a 
time, and a solution generated every 25 acres. The relationship 
between the size identification variable and the "discrete" solution 
variable (land) is critical and materially affects computer processing 
time. A minimum amount of modification in the discrete variable is 
desired between solutions. However, the mass of data generated pre­
cludes extremely small adjustments within a farm "size".
Factor-product prices used in the model reflect net prices to 
farmers. Production processes are not averages, rather they reflect 
those techniques used by most commercial farmers in the area. Sim­
ilarly, yields reflect levels attained by most farmers rather than an 
average.
Potential of Regional 
Adjustments Models in Policy Formulation
Non-aggregative models capable of generating economic information 
indicating firm and regional response to various combinations of incen­
tives and constraints that constitute a national agricultural program 
would provide useful guidance in policy formulation decisions.
National agricultural policies and programs are generally aggre­
gative in nature. However, when viewed from the firm or sector level
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these same policies and programs are In reality non-aggregative.
Within this context non-aggregative models have the capacity to pro­
vide additional information on firm and sector adjustments to 
individuals administering present and/or proposing new national 
policies or programs.
Simulation effectiveness of these models lie in the reliability 
of the relationships between model generated economic and physical 
data transmitted by the appropriate economic theory into an estimate 
of firm and sector adjustment. In this situation adjustments reflect 
the interaction of current factor-product prices, and technological 
and agronomic relationships, and agricultural programs. The impact 
is measured in an ordinal framework indicating the direction and 
magnitude of firm and sector adjustment to change.
Regional aggregation from a firm analysis is of necessity a short 
run decision vehicle. Detailed identification of firm resource situa­
tions, and specification of area physical resources is necessary. In 
addition, area resources must then be allocated among the identified 
representative firm situations. The reliability of these models is 
based on cardinal measures of adjustment in cropping systems resulting 
from manipulation of a single product price over some 'range, with 
other prices held constant.
Such detail is not practical nor necessary to establish the 
potential short and intermediate run impact of an agricultural program 
within a relatively homogeneous production region. Essential detail 
must be incorporated into any model to facilitate the effective
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simulation of the major firm resource situations that will reflect 
regional adjustments to either exogenous or endogenous change. How­
ever, non-aggregative models do not require the detailed specification 
of regional production resources.
This feature of non-aggregative models permits rapid evaluation 
of potential response to change'as they materially reduce initial data 
requirements and facilitate rapid evaluation of new factor-product 
prices, agronomic and machinery technology, and program constraints.
Ultimately, the usefulness of any economic model is dependent not 
only on information reliability, but also on speed in information 
generation and assimilation. This study indicates non-aggregate models 
can provide reliable estimates of firm and sector adjustment to 
exogenous and/or endogenous change. Further, the speed in generating 
sector adjustments information facilitates the appraisal of a variety 
of program options in a short period of time.
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Appendix Table 1, Julian calendar with production periods for days fit for
fieldwork coefficients
JUtlAN CALENDAR
JAN r n 1 MAW AW P MAY JUN JUL AUG SEP OCT NOV DEC
20 1 1 ^ ' ” 9 1 1 2  1 1 52 1 82 2JL3 244 274 18 305 335
S 3 6 1 9 2 1 22 1 53 183 2 1 4 245 275 It. 6 336
i/i ft 0 3 5 1 .2 3 1 54 184 2 1 5 246 276 30 7 33 7
a ft j 0 4 1 24 1 55 1 85 2 1 6 247 16 277 3 6 ft 338
n yf" ft 4 ' 3-ft-S- _____ 1 56 186 2 1 7 2 48 278 3C 9 20■'339"1 ~r ft t: 0 ft 1 2 ft 157 107 21ft 14 2 49 2 79 310 34 C
r iM ftf 0 7 1 2 7 15ft 188 2 19' 2 50 2 80 31 1 341
3^ 1 <> 7 O ft 1 2ft 1 59 189 2 20 251 281 31 2 34 2
i 4“ -  6 ft 09 1 2 9 160 190 12 22 1 2 52 282 31 3 343
\ • 20 4 1 6 9 1 c c. 1 3 0 161 1 9 1 222 2 53 28 J 31 4 34 4
i i 4,>~ - y ~ ~ 7 ' J0_1 1 11 162 192 2 23 2 54 284 316 345'
l :i 4 < 7 1 1 0 2 1 32 163 10 103 224 2 55 285 31 6 34 6

























1 ^ 4 r 7 5 10 ft 1 Wi 167 197 2 2 ft 2 59 2 39 321 350
1 r 4 •'< 7 / . i '  > 6 i < y 16ft 1 98 229 2o0 2 90 32 1 35 1
1 H 4 1 / / 1 0 ' 1 - •• 1 6 9 199 2 30 261 17 291 32 2 352
1 > ' j / < /; 1 f ‘ 1 J •; 1 70 200 2 3 1 262 292 323 20 35 3
ft 1 * • : n  ; 1 4 r 1 7 1 2n 1 232 15 2 63 293 324 3 54
• i ft ft r 1 1 1 1 4 i 172 2 0  2 233 2 64 294 325 355
'J ft ft 2  ft 1 i i ' 1 42 1 73 20 3 234 2 65 295 326 356
-> 1 20 ft i “ 7) •> 11 i 1 7 4' 2 0 T 13 235 2 66 296 327 '35Y
'■?'* ‘ i ‘ t - i 11 t 1 4 4 1 75 2C 5 2 36 2 67 2 9 7 32 8 358
2*5 ft' ft 4 11 e 1 4ft 1 76 20 6 2 37 2 68 298 329 359
2 ̂ ft 7 ft 5 11 ft 1 4 ft, 177 11 2r' 7 2 38 2 69 299 3 3C 36?
2 7 ft ft ft ft 1 17 1 4 7 1 7fi 2C 8 239'' 2 70 30u 3 31 361
20 21 5 ) ft 7 1 1 ft 9 17? 209 240 2 71 30 1 20 3 3 2 362
—  2 » i f  <v 1 4<i “ 18 0' 210 JL4J 272 30 2 — 333 36 3
1" ft ; 1 2 C 1 ft'* 1ft 1 21 1 24 2 273 30 3 334 3 64
.1 1 >'■ 7 1 6 I 212 2 13 30 4 365
Appendix lab It. 2. Performance races, nourlv direct coses, and annual fixed costs for - and 6-rov implements, 1971
Implement Size- or description
Performance 
rate per acre
Direct costs per nour 1971
Price
Annual fixed costs
Repairs Fuel Total interest Depreciation Maintenance Total
Hour
Tractor 60 hp .28 .74 1 .0 2 6,900 241.50 575.00 276.00 00!0
Tractor 80 hp .35 . 92 1.32 9,200 322.00 766.67 352.67 1,441.34
Stalk shredder 2-row .29 .07 .07 631 22.05 62.90 12.62 97.60
Stalk shredder 4 - row 04 .15 .15 1,370 47.95 136.90 27.40 212.25
Hipper bedder 4 - row .20 .2 1 .21 6“7 23.69 64.80 33.85 142.34
Hipper bedder 6 - row .13 .35 .35 1 ,1 2 0 39.20 139.20 56.00 234.40
Disk harrow 4 - row .23 .37 .37 1,680 53.80 167.40 6 8 .2 0 294.60
Disk harrow 6-row .14 .57 .57 2,575 90.12 257.40 103.00 450.52
Section harrow 4 -row .19 .05 .05 246 8.61 24.70 8.61 41.92
Section harrow 6-row ‘ .1 2 .07 .07 369 12.92 36.10 12.92 61.94
Soil pulverizer 4-row . 2 0 .2 1 .2 1 1,088 38.08 90.00 31.73 159.81
Soil pulverizer 6-row .13 .32 .32 1,671 58.48 139.50 48.73 246.71
Chisel plow 14 ft. .30 .15 .15 772 27.02 64,50 25.52 114.04
Chisel plow 16 ft. .16 .31 .31 1,620 56.70 135.00 65.25 256.95
Planter 4-row . 2 0 .30 .30 1,525 53.37 127.50 44.48 225.35
Planter 6-row .15 .40 .40 2,041 71.43 169.50 59.53 300.46
Cultivator 4 - row .2 0 .16 . lo 963 33.70 80.00 32.10 145.80
Cultivator 6-row .14 .25 .25 1,521 53.23 126.00 50.70 229.93
Flame cultivator 4-row .25 .21 1 .1 0 1.31 1,286 45.01 108.00 42.86 195.87
Flame cultivator 6-row .17 .26 1.63 1.89 1,580 55.30 132.00 52.66 212.96
Herbicide applicator 4-row . 2 2 .08 .08 487 17.04 40.00 16.23 73.27
Herbicide applicator 6-row .15 .11 .1 1 644 22.54 54.00 21.46 98.00
Hiboy 12-row .1 0 .6 6 .51 1.17 4,650 162.75 581.00 232.50 976.25
Tractor sprayer 6-row .19 .05 .05 300 10.50 33.50 18.75 67.75
Grain drill 14 ft. .18 .34 .34 1,165 40.77 97.00 33.98 171.75
Forage harvester 1-rov 1.67 1.15 1.15 4,310 150.85 430.50 172.40 753.75
Forage harvester 2-row 1 .0 0 1.27 . 56 1.83 4,777 167.19 477.00 191.06 835.27
Fertilizer bedder 4-row .23 .28 .28 290 10.15 28.80 11.60 50.55
Fertilizer bedder o-rov .16 .43 .43 325 11.37 32.00 13.00 56.37
Fertilizer cultivator 4-row .28 .23 .23 290 10.15 28.80 11.60 50.55
Fertilizer cultivator 6-row .23 .33 .33 325 11.37 32.00 13.00 56.37
Com header .50 1.05 1.05 4,210 147.35 526.00 210.50 883.85
Combine 14 ft. .33 3.11 .80 3.91 12,450 435.75 1,556.00 622.50 2,614.25
Cotton picker 1/ 2 /
First pick 1-row 1.3 1.78 1.7S 9,500 332.50 950.00 356.25 1,708.75
Second pick 1-row 1 .0 1.78 1.7S 9,500 332.50 950.00 356.25 1,708.75
Cotton picker 2 /
First pick 2-row .83 4.23 .97 5.20 22,600 791.00 2,260.00 847.50 3,898.50
Second pick 2-row .62 4 '>3 .97 5.20 22,600 791.00 2,260.00 847.50 3,898.50
Trailer 3 bale .13 .13 800 28.00 6 6 .6 6 26.66 1 2 1 .0 0
Trailer 5 bale .17 .17 1,041 35.40 36.75 34.70 158.00
Feedlot 3/ 4/
200 head 4,778 64,930 2,274.00 3,249.00 5,523.00
400 head 9,556 118,980 4,164.00 5,449.00 9,613.00
600 head 14,334 140,760 4,927.00 7,038.00 11,965.00
1/ Power unit costs must be added.
2/ Cotton trailers are incorporated into*a picker bundle within the model: 4 - 5 bale trailers per one row machine: 8-3 bale trailers per two row machine.
3/ Variable feedlot costs include: interest on cattle, repairs and insurance, utilities, insecticide, veterinary, medicine, and fuel for manure disposal
y Specialized harvesting equipment associated with the feedlots arc ccnbinec into the feedlot fixed cost.
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Appendix Table 3. Illustration of linear programing output used to develop firm short run cost and specified net return curves and sector intermediate run 
adjustment curve, sandy soil, 4-row machinery Multi-product Farms Mississippi River Delta, 1960
Item Farti acres 1 / c1 0 0 2 0 0 300 500 500 600 700 800 900 1 , 0 0 0
Gross income 12,0*3- 2-,130 36,195 58,260 60,32- 72.389 84,454 96,519 108,584 120.44-
Variable cost
Tractor 465 70c 1.035 1 29- 1.552 1.811 2.070 2,331 2,5-'
EauiDment 311 622 935 1,251 l! So- 1,67c 2,189 2,502 2,814
Materials t tot -, 563 6.855 8.873 lO. 536 12.198 13,862 15,529 17,182 18,632
Hired labor J 0 5.000 5,00 2 5,000 8 , 0 0 0 8 , 0 0 0 8 , 0 0 0 c, OC
Fixed machinery cost 5.773 5.773 5,773 6.56c 9,916 10,052 10,060 10,787 10,339 14.26-
Total cost I1,42t 15 .26'. 21,657 27,312 29,665 35.322 33,533 41,166 46,827
Cost per acre 66 57 58 55 55 59 51 49 46 47
Net returns 3,-65 12,701 21,935 26,613 33,012 42.T21 56,532 57,636 67,-18 73,82-
Net returns per acre 35 64 73 67 6 6 7 7 69 TT 7 5 74
Total cost per total return .7128 .5735 .3950 .55S5 .4528 .4098 .5253 .4029 .3791 .3381
Minimum machinery investment 37,776 37,776 37,776 42,751 64,686 65,865 65,911 70,968 71,308 93,24 2
Man power and machinery" inputs 3/
Numbers - - - -
Hired labor 0 0 0 1 1 1 2 2 o 2
Operator labor 1 1 1 1 1 1 I 1 7
2 -row cotton picker 
1 -rov cotton picker
1 1 1 0 n «■> - 2 j
Combine 2 1 1 1 1 1 1 1
Tractor I 1 1 0 2 n o 3 3 3
2 -row tractor sprayer I 1 I 1 I I 1 1 1
2 -row stalk cutter 1 i 1 1 1 1 n 1 1
Sedcer 1 2 1 i I 1 I
Harrow I 1 1 1 1 T 2 o
Disk i 1 I i 1 n 2 2 T 2
Herbicide i 1 1 1 1 2 o
Chisel i 1 1 I 1 1 I 1 1
Fertilizer i. 1 I i 1 1 1 i 1
Planter i 1 1 1 1 : 1 1 1




Appendix Table 3. (Continued)
Farm acres j/ j.item 1 . 1 0 0 1 , 2 0 0 1,300 1,400 1,500 1.600 1,700 1.800 1.900 2 . 0 0 0
Gross income 132.714 144,779 156,844 168,909 180,973 193,038 205,103 217,168 229,223 241,298
Variable cost
Tractor 2,864 3,130 3.390 3,651 3,912 4,173 4,434 4,694 4,955 5,216
Equipment 3,-39 3,752 4.064 4.377 4,690 5,002 5,315 5,628 5,940 6,253
Materials 20.-30 22,130 23,789 25,443 27,107 25.766 30,425 32,084 33,744 35,403
Hired labor 1 2 , 0 0 0 1 2 , 0 0 0 1 2 , 0 0 0 16,000 16,000 16,000 2 0 , 0 0 0 2 0 , 0 0 0 2 0 , 0 0 0 24,000
Fixed machinery cost 15,192 15,192 15,290 18,720 19,529 15,529 19,653 21,593 25,023 25,023
Total cost 53,975 56,204 58,533 68,196 71,238 73,470 79,827 83,999 89,662 95,895
Cost per acre 4 0 4 7 U 5 49 47 45 47 47 47 48
Net returns 78,739 88,575 98,311 100,713 109,735 119,568 125,276 133,169 139,561 145,403
Net returns per acre 72 74 76 72 73 7 5 74 74 73 73
Total cost per total return .4067 .3882 .3732 .4037 . 3936 .3806 .3892 .3868 .3912 .3974
Minimum machinery investment 99,339 99,339 100,147 122,082 127,599 127,599 128,599 141,215 163,150 1 163,150
...................................................... Numbers
Man power and machinery inputs 2 /
Hired labor 3 3 3 u 4 4 3 5 5 6
Operator labor 1 1 1 1 1 1 1 1 1 I
2 -row cotton picker 3 3 3 4 4 4 4 4 5 5
1-row’ cotton picker
Combine 1 1 1 1 1 1 1 2 2 2
Tractor 4 4 4 5 5 5 6 6 6
2 -row tractor sprayer 2 2 2 2 2 2 2 0 2 2
2 -row stalk cutter 1 1 1 I 1 1 1 2 2 2
Bedder 1 1 2 2 2 o 2 2 2 2
Harrow n 2 2 3 3 3 3 3 3
Disk 3 3 3 3 3 3 4 4 4 4
Herbicide o o 2 2 2 3 3 3
Chisel 1 1 1 1 1 1 1 2 2 2
Fertilizer 1 I 1 1 2 0 2 2 2 2
Planter 2 2 2 o 0 2 2 2 2
Cultivator 4 - -* - 5 5 5 6 6 6
These constitute 25 percent of tht* solution output for this soil anc machinery situation.
Similar solutions were generated for the following situations: I960 - 4-row sandy multi- product , 4-row clay multi- product 1972 - 4-rov sandy cotton,
4-row sandy soybeans, 4-row multi-oroduct; 1972 - 4-rov clay cotton 4-rov: clay soybeans 4-rov clav multi-produc t 1972 - 6 -row sandy cotton, 6 -row
sandy soybeans, 6 -row sandy nulti-product: 1972 - 6 -row clay cot ton 6 -rov clay soybeans 6-row clay multi-product 1974 - 6 -row sandy cotton, 6 -row
sandy soybeans, 6 -row sandy multi-product: 1974 - e-row clay cotton 6 -row clay soybeans 6 -row c lay multi-product
3/ Integer variables used to compute hired labor and fixed machinery costs and minimum machinery investment.
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